* 


8 
e 


IF 
$3220 
«4 


* 
5 
. 


* 


ke 
* 
, 


Les 


* 


I OA NA 
hae HE oe 
* 4 


4 
5 


5 


* 


4b 


. 9 
r 


_ * on en L ** id 8 > re 
N a O's 5 * * 3 
9 - * * Fs es 
* 1 * : 
* 4 g i 8 
£ 4 Y 2 a 
—1 | | | 
5 WOE 5 ö 
-- ; | | 
% | nw. © 
- ., 8 : . 5 a 
” 4 1 x 5 PIE. ; = 3 
* | > 
4 : * — _ , : 5 = 
KK - * . * | 6 | | | 
| ; * ; 9. 
: 2 a * 
Is 
5 4 8 , F BY 4 | : 
G * . © * 2 Go n i ' | 
* L 
| ws W be "IK 
$8 * 
* 2 4 * if + . < 2.8 8: 55 
* e i a | 
oy « . N ' wh, is N jo... wt : 
* — . * : 5 ; | "4 | 
_ ; = 8 
* R NR ; ; 1 5 05 * 9 5 l oy 
« 4 1 : | | | 
x 15 3 LY 4 ; 
— 1 * * 
F 2 
5 f la 1 k 5 : . 7 
5 | 
* * 2 
5 wh - LY 
Cl A * 1 


7 * 
| % 
5 * 
i : 
* 
| ; * * N 
| | > ; 1 I aw” 
2 * | | | - 
b R FFF 25 g N = 5 8 I 
' | . ; : | | 
* - « v . 3 6 Y -4 4 * 8 : E ; 
. £ 4 7 2 2 < : Wah 5 ** ee 1 
f \ ca or 5 
* % * 5 + 4 ** 8 2 £2 8 5 : "EN ; l 
- * N x 
— 2 ; ; 
» | | 
- b 2 * 1 * 4 a WW "5 2 6 ; | 
+ 1 . A hs * = g * 
| — : 
„ 
” k 5 N * ; ; 2 
4 . 7 2 
\ * © 2 « A LY N : 
« 4 WM 
* . 
3 3 * AY — 


_ * p 
1 „ : 
4 
* 
4 £4 | 
| # 
3 | 
EY — 
* 
[ 
| : S 
* * * . 5 
| | * 4 
| | 855 * LY — 1 = 1 * 
£ » | 
| | 5 7 3 A » 
* i 7 « * 8 % 0 7 2 MS 5 ; 
7 * # * 5 « $ - x _ 7 IF * = 
. * £ 
= & — # N 7 2 > * 1 8 n $ 
. , | 
— 4 * > * 
: * 
= — 5 4 7 * | þ | 
Oo 
it oi : br | 
* of J » ; : 
\ 
* — x 2 . : { | 
« . 
o 8 8 
4 * 5 


5 1 
3 
* x : þ + g ? * 
* 1 ad 
I * : * yy f 
: * v * 1 ; | 
o * : | | | 
a £ * 25 * 25 7 
i | 
. # 8 | ; 
- 
” 
. + 
4a” - Sg A " 
| | a X 2 
4 * L a | e ; 
* F - N 
| - 1 N 8 a : £2 8 
5 * * 
" gt 0 N | | | 
Pp n F "4 : 
4 
2 : ” 1 | 
A 5 + 8 5 5 * 8 od; : 
» 4 - 6 * 8 &» : d 8 
* * L 2 * 1 ” f ” r 
" 1 ; | 
* 4. „ N 5 £4 ) 
* : 
*- 2 8 * . | - : 
- * 1 
x * -6 ; 
* 4 A * 
* | 
. 4 
* : i 
44 
+ T4 f 3 ; 8 
; 4 1 N 5 * J 
7 8 ; i . "UP g * : » '% 4 pe . * 
* ; | 
| +. * 4x 
” * * - . | 
AY | 
— a 3 * V2 | : . 
5 t © 
a» ' | | | 
1 8 5 
2 4 
8 1 of . the 3 on, 
p a 9 7 5 | 
* 5 
£ ; . 5, Tn t * 
8 Y 
o by : 0 5 ä 
4 2 a 
: > oy * 
7 od bs 4 % | : 
x ? f ; 
* * * * : 5 
. | 6 4 I : : | 
8 o F y * a N 
; | : — % : » 
< 8 | 
1 2 ; 
bY 8 
5 2 1 — 1 * NN . 
= * 5 
* + 1 | : 
|: f * * 
* : 
Es Ak * 
* * - 
4 8 | | 
; . f * 
| | % ; | 2 5 
*. 
4... # 
q 3 5 a N 5 
| 1 
* ** 8 1 4 * > 3 . 2 
* ; 2 
- 5 ** | | | | 
: 5 | 5 
+ 6 
g - | 
. | 5 * * 4 - 
; : 
_ * 4 12 | | 
# | 
1 ” | - 
% 
— : | 
x $6; | ; 
> * » : ; 
* py: 5 : 4: ; 
> 
| 425 1 ? g 8 + * 
& ; = 8 * 
i ; * ; $ ; Ns 
* 9 
* y ; | 
— 4 ” 
« 4 * * — 5 #7 15 
: . 4 2 3 : * 
a 
- - ; 
| Ie IR 
1 | | 
; oo 1 2 
* p | 
; I . 3 
0 . . : . . 7 ; 
: 2 53 * 
| # K 1 — o > 
7 4 ; 
ry «ws ; . 1 : 5 i 
- y 
+ 4 g ; 
« 
* 1 * 7 ; 5 
F 
— a | 
5 Sx 7 
. — * | 
| 2d I 2 A ? 
| X 
* | | | 
| %.- N 5 : 
: 
” 8 | 
w 1 - _ N * 3 : 
| | > 2 » 
# 7 | « | | 
* ö | 
| 1 3 - 2 
7 
8 FP < 
> | ; | 
th * 
: | 
: ' ; 
| < 
| N RH . #6 
. : *. W y 5 : 
| _ 
| | . 1 . # £ : 
1 o - ” 7 " by - 2 * 
% 
1 - : | i 5 cf SEA 
. ; | 4 
+ ut 4 "IJ * — i 
— 5 i / | 
4 | 
: 2 ” > 7 6: "44 EEE 
. . 1 ”Y 7 ; | ; | | 
; . - : f W FREY 
Fl . . f 
{> * N | 
a * * 8 - 6 F £ = 
* 3 
* { k - L e 
- : 7 * | 
* 5 * : I 5 . 5 
| | 5 - 4 0. - 
— 2 2 * % © ? % 
; : x = * * 
| i ; * * 8 
= 
: a 8 2 ; ; "EN : 
ft > + 5 J 7 
” * * 2 ; : 
. A „ 1 a * 1 1 * x 8 2 " f a 
4 * 0 8 1 17 Es >. : : | 
* * + - 2 f 12 5 8 wa | 
| s 2 1 7 
G ; | 1 7 i F - x 
* 5 > $ | : 5 
1% | | 
1 » | 
: — aA E 5 : | - ! 
8 n E 
| : | — 1 4 
. 4 x * %* o " " 7 $ 
- 8 * ' : 2 i 5 
15 * 1 * * 1 > ; 
1 - * : 22 * J 8 hy ; 
1 1 | 
= A4 os 4 | : 
: - ; | 
- 
* 58 5 8 ; 2 3 
* . . 4 2. ; ; 
if * N. ö 
4 8 24 
: : 5 3 BA 0 
* « * f : | 
| ; xx , : ö 
3 : : : | | 
A 5 b : | 
- 6 ; : 
* 5 | 
« - 8 ; : | 
+ p 8 | 
= : : I 
4 * * - L : 


— 
4 - , 
8 * 0 
; > —— 
1 * 4 a a : | 
n . 
4 1 ; : | ; 
& 
4 "4 £ os ; © | : | 
* - + 2 6 ; | : ; 
h . f Fe . * * TH. * 
1 ; 6 - . 4 Ll 2 5 ; 1 5 | 
4 . 4 _ 7 . | | | 
15 j - 8 - . $ > 
| 5 : b ; 7 * 1 . 5 * < 
« 41 Pp — * a. = F "a 4 2 + Op : 5 
A 4 * — 45 F 7 ; | 
* + = — Wing IP 1 ” K 8 c 
: 7s 2 5 * 1 Fx a 1 * 1 -1 © | 3: = 
4 ” 4 - 1 © FRE . fl | a | 
| f 5 0 * * 
— 5 5 N \ | 
— — 8 2 
- — ks : 


— 
N N 2 
; *,; s : 
" p an ume 3% % ö 3 by : 
$254 a ” : Os + 
£ . * f . : 
- £ 4 x 4 E : 


= = 7. 
2 4 
| 5 
5 1 
: . % a * 7. — 75 
py | 
. - __ ; > : . 
{ 
\ ? . 
x - - 7 PRE” & . 0 8 * | | : : 
0 2 , We : | : 
” 4 ; - w * ; : 5 ö | | 
| : , ; : _ - * 
4 +.» F g | | 
: ; 5 N : 3 . a | 
ay , ; 1 5 a . 5 i | 
* * * 12 U e g | | | : 
: ; | 
. a o 85 0 - * 7 by : | | 
" : ane 5 
6 " : | | 
* ae b ; | | | | 
1 1 F fs 8 r % % : : 
. a : . . ; 5 5 . | | £ | 
* . : . A * Ba x 5 : | 
; 2 : 7 4 * * ® * 4 * 4 = . * # * 
7 - / - « x a * s 
— - 9 ; - 7 | 1 5 | 
= 8 - 3 2 2 + 754 2 | | | | | 
* | ; | 
a 1 „ ” . * - % . | | | 
% : N x : | 
. 5 o £ : | | | | 
| g 0 Fa Gs 
5 5 | | 
5 : * F 
” 
*IWa 
Fw 


r Ie" 0 
ry "J a 14 Fo ors * 6 
2 2 8 R * 4 R 8 9 n 8 486" Sha? | ves; EF 
F ** N * Fo N N e : N R 75 [> E \ N 9 U - bes N 5 * 
- f FP ” « Tx 5 8 1 & 0 l * + * 55 : : e : a 
s 5 os 7 4 * „ + > 4 
3 5 3 * 7 Rag * 1 ; . . / a 
* 1 * * 4 - of 4 4 
$f 3 * * \ " = < 5 of Walt He's 7 
* * 4 * x 8 * it 5 ! * 7 . 5 
þ , TY 5 6 X 4 RR — 
5 * 6 * xe 55 J f . 8 * Wy « Lox J 
0 1 5 i; « n #0 © » *, i £ 38 9 * 
5 s * & ® 1 1 k 1 ao Fx 7 — N 4 N 8 
Les 1 9 N 7 FOI * | . 4 « 1 $* "= 8 4 
; . * £ 8 > "+ = 8 1 : 
l * 3 N - * ks 4 : 1 . 7 7 N * * 4 2% 
l * * 17 * 5 * I * ' 
* o o 6 
a - 1 * * k : 
* o . » = * 1 E a * 
Y 1 i ba d * 8 * 
* YR 8 1 2 T 2 
Md N - 8 * 1 . s . * * — g 
5 k f 1 ; 5 - © x 
1 * \, * 0 5 * 1 o 1 F ; 5 
1 - 8 
* * 2 ; 
* « 4 
| * 0 » ' - 
* * 
7 e . is = . 
3 0 x x * ga * * 
4 * = * 5 4 
* 2 # 0 * * * 2 9 
4 » r 8 * Yew. 
* 4 * 8 * 0 
Wu . : : AO * * 
N Wa Le * A 1 * | 8 7 - E 
br % . 8 3 4 7 5 
£4 : 5 
8 « * 5 ky » 8% 
* o % 0; * * . > 5 
2 y A i i 1 5 4-48 . 
1 F : . 
* - 7 * * 8 » 3 * 
. * PF ** 5 ? o \ 
* e 0 P..» * ry * 3 * 
1 * 4 * NT 
2 f * 4 :; 
" < 1 * 3 8 6 
o - - + 4 1 1 
r : 4 « $. « : © 
N y 3 * f * : i 0 8 E 
= , & £ + 0 1 4 F ; 
* 1 ; * ** + 1 " * 5 * 
% by p - wy bs * 1 
, « £ . 
[3 { 3 ” * 
* ＋ 6 5 
1 0 * 9 — \ y « j- F ; 5 > 
. « 0 * © 4 * F by : : 


3 . . * : . ; y 7 ; F 
I N 2 be A * f * * a 7 : 
5 3 , hy 
* a * 6 e 
* 2 »w * * * ” * N f 
b : F 7 * 1 * n 
> + 
1 * I * ® — 5 i 
£ £ i ! 
N ; | * * 1 
0 \ . > Ws . . P PRC ng — J a ; 
i % _ on * 8 
* 5 p 'L * a 4 N 
8 * 18 i ; 
£ * 1 4. , 0 , K 5 
: — 6 
. $ * ty ww : x 
; | 5 ſe K . i 
* 1 * * 0 * 4 
. : " « + % . 
* * * . 
- + g 
* VEE. 4 1 ” % ; : 
> y 5 * 
4 s f f 
1 * 5 
2 : * : 
- * - Z y 2 \ x . 
4 A 1 * : 
* y 5 2 ; 
1 . 5 4 þ » 
x — 4 * 4 K 2 % 
s & : 5 * . 
5 ; v 1 : A . * 
* * * * * 
5 x - N * y 
i RG * ” $ , 
er 4 . a5 : - LY 
x k \ 2 ; f 
- bY * 
8 ; ; : 0 4 % 6 J . : & ; \ 
7 1 
| 5 *% 
5 5 7 5 A „ 
* ® 
F 1 ; — P 
'* * . x iN % Y 15 : y 
* N . 7 * _ 2 : 1 IF ” . | 
4 Sho We, ; ; A + i ; « ; 4 7 F 8 ; k 
—_— s 5 2 : n | 
z + * . 4 . 
* - ! : * y : a 5 
5 » 1 7 5 a * : . 
1 « - 0 — — * a, » 
8 8 
1 * j , I - 
K. s . 
4 £ — 4 * 4 . +07 
* * : 
7 « 4 
4 : 
- — 
* 
1 — 
— 
* 
* 
7 8 9 
y 
: p 


* 
. ” , 4 
3 * \ , ; 
- 5 
- , : 
we. * 5 
b 1 77 
— * + . 
vt 3 
— — 5 . 
4 * k . * ++ 
# * 
— * » » Is: IJ | 


. & 
7 2 F : 
. e 
= 12 
* 1 * +» ves 
— » * 
A * 5 * 
* 8 * - * $ 
» ” . 
% A 7 
20; , 
» + 
. . * _—_ 
4 # * 
1 
” An 
3 
* ®, ! 
* * £ . 
LY * * > 
* 
\l - - — a * 4 * 5 — 
% . 3 7 3 
y 0 8 4 
. . : 
. S * ; Ie 
- Gy * 
Nl N 
L 
2 s 


3 " — 4 
. 
* * 
Fx: 
4: — 
— ad * * 
A 
* — WE 
8 2d L 
” 
* " 
2 - * \ 
2 3 | 
2 . 0 . FI 
7 of <X 27 'F 5 
2 1 5 Y , * f > 
EY e ; 
n a x R * \ F 8 * 


mY — 
* *. 5 
„ » * © E 

* — * 

85 * * 3 
- * © A 38 

* * bs * 

- 4 ” 4 2 

- = A 
N pet 


* 4 % 


8 . . * eee nn e e ee eee mn nee rot gs cs | 
AAS S ie nn N Male RR oe 8 SES . rene R g 3 bg ; N RR medal . n e 8 27 8 5 * a 
; a i L , & hs 3 : OE 4 : * ; x * : : * 2 : < 
8 * ; 26 ; \ * 5 ö ; : * 
2 » 2 - " , : + F * # * * 
: 3 £ 7 1 o 


5 8 „ 
BY 0 Lay * s I'S — 1 y 
2 Ws I * 
N 5 . Wh i WD Banos 3 * 


5 "i 
, : * * 

cx r LL £& 1 b ; * 5 & 4 | 3 8 : 

8 * g 7 _ 9874 3 AF - "F< L - $ 25 8 5 i q M.- K : 


1 . 3 A 4 i 
” 1 5 


SIR IS 


PHILOSOPHICAL | 


* 


* 
1 * 


N 
1 
1 
” 
* 
— 
mh 
He 
* 
3 
Js 
5 
1 
* 
— 


Mathematics in the Univer i 
biloſophical Society there. 


55 ien FOR THE AUTHOk's ( munen en, S Cao. — 
- trand ; 3 G. RAA ad ]. Ba LFOUR and A. Kincaid at Linbogb 5 M — 
J. Bazay at Glaſgow, and J. Suirn at Dublin, M. oc il. * 


- 
_- 
5 * 
7 
Gag 4; n 
e 1 
wo 1 
40 2 ; 
a - * X * 
e 1 
be 1 
hs 8 « 
** 
5 
* 
44+, 2 
— 
% a 
8 N 
* 


n 
*. 9 ; 


Wn 1 ; . CR 


THE AUTHOR MY DECEASED HUSBAND 


* 
* 
s 
— 
m 
78 
* 
* 
— 
4 


OF THAT 


- 


— 


— 


. * 1 4 


o 


N 


» 


* 


1 , - 
0 ” ; P CY 
: ; 0 g 
% > # + — 6 
* , 
: . 
- \ a 
Ty 
F\ of N 5 . 
' , E 8 7 y $ * 1 * 
; 4 * 8 7 ! 8 * p 3 
1 : 
1 > > * f 
1 * / ” 8 
P. oy 
\ : * 0 
» * 
* . - 5 * : . 
* f ow * 
* Ol * 
f ; ; 5 8 ; 
, N 7 ; 
4 » 2 5 : 8 e a ; . L 
2 \ 5 * 
a 7 
. , 1 
- E BY * 
* o 
> \ 4 7 
? 1 z a a * " " 8 ö . fs ; 
i C | N F |; | 
" 4 a ” Why 
NE Ly ; Weng, 5 
F ; "hate |; PR Ye ; 
. ; * 
- 
: 1 
- « 2 85 
8 12 on 8 4 71 
L / , . 
oj * F: . . 4 x 8 . 
: * N 5 : N 0 
» - 4 * = 
4. # * * . F * * 
= g : : : 
£ 8 8 15 
; — - i — 
: ; a : 2 , * 5 
45 | M | 
4 a * . ? q 
; p 7 
* = 
- -» 
1 1 < 3 — — 
* 
L 4 
& i 4 
: £ 4 1 4 : 4 
J 8 ; Ie 7 g y $4, : 
1 % * 
A 1 N FR 
* * * . y 
£ y } 
he : " F 
: 
4 * l 1 
* * — of 
5 * FP 
Bees 4 * 
5 * 
ow. OY k > 
8 * 4 . 
ö . \ 
F : a 
; : 55 
: 1 : 
1 - 4 
7 * * 
E a | 
＋ 
: | \ - 
7 
K o 
, A 
8 "A 4 5 
7 WW 1 
a 5 2 
, a 
* 
* * * * p 
* 5 3 
4 —. K * 
3 — 
* 
= * 8 
8 : : 8 ; . . : 
. - ; * 5 ? ; 
iF * * — A | 
by” 7 25 I ; - 
16 wm 
4 of : Y 1 ; 
| | 0 | 
A i E 0 . - "7 4 bc * 
g { : 
- 
We. ; £ 
VS * F 
5 10 * <4 
- 2 A ” 
? 3 * 5 bi 
5 ARE a 8 p * * 
1 6&7 
3 8 ; S f 8 4 
> "_ # * * F 7 ; N 7 
; coi 4 4 g 4 * * 2 
4 P * 
\ N x | 
Fo 2 * * 
© 5 « 0 5 * o 
: * 
ry S 6 5 . 
— . 12 
— * 1 ; 
* 1 „ ; / ” . F 
1 * , * £ 
4 
« i y 4 2 => 
- * F 1 ” \ bs 5 ? 4 ; 
8 2 1 2 | 
| 4 3 AI | | - 
5 5 * ” * 4 7 
a 4 * * * * > ta 
* * n 9 4 Wd . . 
» * 3 " ” 
* * ; 7 5 * 2 5 ; | 77 5 
* * q # . 7 , 4 „ 
4 . . 3 * 8 * bo ay", rs | g 
Y 2 * 12 4 3 N © 'X 2 2 6 4 
ag 4 TER ry * y n 
” : PI TG 5 3 y 85 Ny * 
> id * A + - 7 4 4. 1 * * 
15 * 6 25 8 0 * 59 4 2 5 6 
\ : 7 ? 2 5 . f 7 Z "WE Te. t 
* . 4 *- "oo : 5 8 * 22 1 $A 
3 \ N i ry 3 7 3 
5 1 3 ? * 4 s G q = f ” 220 7 — 
7 af = at N 3 1 # p bes * 
wt F ; . wes. x 6 \ * . Wd 
F * ; 4 * 1 1 * * 
ve 4 A Ws 8 o x 0 bk 
8 , 2 1 5 WY. ns 2 4 IS. F . 
Py 5 4 as £ * | ? N 2 p 4 * A ? Gn, . N 
Fe * 5 2 . la „ 22 N by © oh Lt 3 A i 1 SIS. 2 4 a 
— 


nt 


4 
N 
— 
A 
* 
N 
& 
"x. 
* 
1 
3 
2 
& I 
* . 
POM | 
4 
9 


3 


N 


= 


LE On 


72 
Fr foe 


> NEL 


5 


F 
1 
4 * 
WT 7 
= 
+ 
if 
” 4 
oe 
1 
3 
Ag 
- 7 
£5, » 
* 
1 
os # 


rar rare) 


RT ww 


ks. 


— ers woe tO ON TT 


o 


: . 


* 


2, * 


K 


0 
a 7 
1 
— 


Fx 
% 
* 
2 
Im 


account of 
H A P. 


* Fo "A es. th * a * 
13 FRY 8 ö : N ö * TO" 
5 „ . 0 4 0 OR” 1 [OS . 0 
F 1 „ 15 99 9 9 
V 71 * 5 
* 2 0 
R 
— > : 7 0 . > f 
* 
. - Wo 1 
, * * * 
- (TE, As 


the fem of the wor 
II. 1 4 the ſyſtems e 


tbe ancien 


f the laws of keto pe ant 


2 Yf N fime, 


er, and moti on 


* 
* PN R 


t philoſopbers 
f the 5 57 i opper's 25 Des Cartes 


ms 9 the  foregoi ng obfervations 


1 


* 


al Pb 


* 


- 


2 
o 


ry 


» 


PP aro COIs 


41 


FIT PII.” 


x» 
** 
2 
3 
Nn 
Bn? 
* — 
* 
79 
« 
<a. 
X. 
* 4 
43s oy 


2 
Sek 
4 

7 2 
- 


N * 
N "> a 9 © 8 0 9 
** & * * + 7, * N 
A * 4 * 3 
y N 7 A — 4 
4 3 = 7 4 
5 pd er. * 
. * 7 
o ” *-& * 
— — þ 
of * 
9 
5 5 
* * 3 * l * 
> S = L * * 7 # ; 
7 3 * 
: - 
75 2 N 
% * 1 
1 * of k * 4 
o - 
8 - 


* 7 


aff do DH. . '- e 


ien Nb an Sram brit 277 


. a b . 1 1 1s 2 0520-19; 1 
7 e 4 | 4 6 x ies 4 i : 
i 4; isl, FIX Þ me as va 1 
| I. | ; 
8 ; ,; SS Ta 4 
» a 4 
4 Ks £7 0 
i 3 77 
. LY * % 1 
% 3755 * OE: PIR 7 1 5 1 . 4 * FO 1 77 10 WS : ' wh. Y W . 8 
38 5111 T2216 { . int e 4 
# *þ 
5 | 


# * ** 

3 Pn , Ki. 10 7 : . ; 2 
N n I Ta, ] 
N | 1 
8 Py : g „ N * * "Ws ye i ö % : 


. : ö 
z 7} 
£ '% L wy 
hy 0 
* - , 
; = * Z 
* 8 
F 2 ö 
* * . 
* L * 
Fl 
* 
- 
\ — 
+ y * 
5 A þ 2. K 
Ee IK E hl WD 
. 8 
: K : 
5 Yo ot. e 
* 4 N N 
. . Ne 8 * 
45 ++: 8 ; 
} *W- N : 5 — 
; TE monuments | is dents * or a1 ic Irit. He 
JC 24 : 3 ; 
N P 5 8 * * 9 8 83 * — « ” + p = C 5 1 2 1 1 . PET C ; i 4 4 Y » x e „ Bs. . > 7 
3 : * N 
b « * 
N * * : 
1 1 ; $ f 1 1 
% 4 * » F* 4 4 #* 
| . % 35: * 
2 a 8 ; f be 1 
; : 8 To —_ 
' 8 19 2 * = 
p . : 4 = * 4 
* , 4 
* J Ks * 
1 7 4 
* 34 
es ER * 
2 
PS 
% * 
+ a 7 ©. 
8 3 4 * 
5 ; & 
$ 25 "Br >. 
3 9 8 I 
bo . * 4 * ” 
a * * 
i A : : *F ? 
CES 18 : oy 3 i Wer 47: 
#2: | > 14 . 3 
"+ 8 14 a ; 75 7 "Ns A , 
> 7 7 « 0 5 
* 4 2.x 1 $ — 2 p 
* + . 
A * * = 
1 ; % f 
* 0 g 
F * * Fy RE 
7 1 7 J * — 2 * 
4 * S : : s 
* - 7 3 8 = 
f 8 * = \ 5 \ 
* * c 5 i 2 
: ; 6 0 > A | 
* ” F 1 0 * 85 
"Ws," | 4 WY 
A is «> = a 5 7 * - 3s 7 
4} J 
* 1 7 OY g 5 % . 2 1 
* W 
. 3 : X 4 4 & $8. 2 
8 0 72 > n : * EW. "I 
* 7 O 1 $ 1 7 , ; N W 4 
x - | . mg : *AF 
2 N 7 * ay X 0 A 1 
J . 1 *4 * * 2 * Þ wY ? ' EY * * 7 42 
y pm Y 4 5 p E u. % 
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ii An Account of, the LIr x and Nerrines . 
| 3 Fe 90] I 
l diligence. We find, amongſt bis oldeſt manuſcripts, fragments of a. diary 
| in which he kept an account of eve day, and of "almoſt _ hour of the 
wn day 500 che beginning and ſucceſs 1 every particular ſtudy, e airy or In- 
3,of his e onyeriations with learned Iran, the ſubjects of them, and 
| Heſe we reid tbe imd of the celebrated 
| ert Dr. Fohuffon, and Lverkl. other gentlemen of learning | 
1 | and worth. ; who all vied who ſhould moſt encourage our young philoſopher;. f 
by opening to him their libraries, amd admitting him into their moſt inti⸗ f 
mate ſociety and friendſhip. He could not, afterwards, find time to keep : 
ſo formal a regiſter of his life, but we are aſſured ae never left him ; 7 
and that every hour of it. was conti nnen ng WI #he ; 
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i | 8 fk: atical learning diſcover on led ſo. early BAY 15 6 by 7 
years of age, IN geidentally met with à copy I Euclid in a 2 
friend's chamber, in a feyFdays: he became maſter of the ficſt fix books FE 
wil ſhow: e 2 phence following his natural bent; made ſuch Y 
a ſurprizin | pine 1 him en, gaged i in the moſt 
ene chat in his fixteentn : 
Kühe propoſitior N | e : 
- Lobel Jo. ee F felons, 72 555 "Fa , yp 208 19 1 5 
10 ä herompofed and e e 275 Wb ; 
after, _—_—_ eee a year in the ſtudy of divinity, j 
wolt part, in an agreeable country = , 
| de In this retirement, F 
be purſuedꝭh ty- a he had done at the un. 1 
| verſity ; continui ohis fav $:in mathematicksand-philoſo . : 
and at other times reading the beſt claflic authors ; for which he natural * : 
Hof an EONS PI Wa Jo oh K 3 cd) * 1 oo 3D x N hg f 
"ap CCC ; 
V' 7. —— invite bim eee eee Ratural cut : 
5 they contain, and the infinite variety of plants that grow on them; (Pp £ 
5 climb to their t tops, and enjoy the moſt extenſive 47 moſt Wdeh | | =_ 
pects,. And here, his fancy being warmed by the grand ſceneg W. 5 = E 1 
FO ſented. ſheer, e. would ſometimes a out "into a ed, 4 : 
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only thro forgetfulnek they have not been deftroyed, yet abe A genius cap - 
5 muchi greater * in that way. His friends, — are obli 2 
to the aceidents that have preſerved them, together er with ſome others of his 
juvenile performances: for however unfit they may be for the public view, 
they ſhe w the progreſs he had made in theJeveral patts of learning, at the 
time they were written: and what can be more delightful, than to ob- 


ſerve the gradual e nm e 'of a: _—_ like nr of Mr. 
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[Hagar OR} he-preſented hi niſelf Ea candidate for the proſeſſor- 


ſhip of mathematics in the mariſhal college of Aberdeen, which he obtained 
after a comparative tryal of ten days with a very able competitor : and 
being fixed in his chair, he ſoon revived the taſte of mathematical leurnin 
e her than it had ever been even in that univ een e £339) 
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metria Organi- e eee g. f eur uo NL 
N $0160} 19116 bas: v waig jo 19909 505 gu 
In 1 1 ey 195: Is in-:1727;) he:beodthe acquaitited with 
 MartinFalkes, ; Bly now preſident of the-royabſocietyy with DU he thence” 
forth cultivated. a.'moſt entire and me ſerved friendſhip uedtly inten- 
changing letter | with him, and © e v eee en 
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Jace 1722 Lord Pokearth, Dlenipptentitey of the King of Great an, 
at the abe Carabray,;engaged Mr. Maclawrinito go as tutor and com- 
Fanzen en is eldeſt ſon, WhO was them to ſet out on his travels 
ann 41 9:64 eee iy eee beten Ania nene 1 5 
After a ſhort ſtay! at Paris, and viſiting ſome other towns in France, thi pl 
fixed-in Lar#ain; where, beſides! the advantage of a good wadem * 
e of the moſt polite cou . e 4 
w eſteem of the moſt. diſtingo iſned perſons of 
e dime duickly improved thaf eaſy;-gentect be- 
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0 e ee ang died. at t Montpelier, An event 10 Docking muſt have affected 
8 a heart. leſs ſenſible and tender than Mr. Maclaurin'y in ſome letters written 
E Ons this occaſion, he appears quite inconſolable. His own grief for his pupil, 
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1 | In November. 1725 he was [fe into the univerſity : 28 was at t the 

as tune his 175, collegue and intimate friend, Dr. Alexander Menre, 

profeſl.r of anatomy. After ge r qu ora Wr e ſoon became 

very numerous, there being gen upwards af an young gentle- 

0 Ka yo his lectures every year : who being of different ſtandings and 

| 8 be was obliged to divide them into four or five claſfes, in each 

of which he u e * IT Me. fromthe: ax 8806 ee to 
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i In the fuſt or 1 (ſumeriens dn bided in into oo 06 la, | 
fix books of Euclid's Elements, plain 1 practical geometry, the 
elements of fortification,, and an introduction to algebra. The ſecond claſs 
ſtudied algebra, the 11th and 12th boaks of Earle ſpherical tri 
5 conic ſections, and the general principles of aſtronom 82 The third claſs 
went an: in. aſtronomy and  perſpedtive, read a part of Sir Iſaac Neurom 
Principia, and had a courſe e e for ill 3 performed 
and explained to them. He after wards tead and demanſirated the clements 
of fluxions: thoſe in the. fourth claſs read a ſyſtem. ln pots iy Iv 
thereſt of. Newton, 8 Princes fis. n 
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ſtood in = 87 repetition: ſuc hb, hqwever, was his -atixiety. for the im- 

provement of his ſcholars, that if at 0 Get: they ſeemed not fully to com- 

- prehend. his meaning, or if, upo ub than; he found they could not 
readily. demonſtrate N pro 1 etch. e had proved, he was apt rather 
ſeu hag E xprefſions to, have been obſcure; "than their. want of 
| d a ec 2 9 reſume the demonſtration in ſome 
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qui her ne 
- ad lbyments and. ap ang OM If an uncommon. experiment was ſaid to 
_ - have been made any. w ts VE curious were defirou of having it sepeated 
by Mr. Mac laurin: I an eclipſe or comet was to de obſerved, his teleſcopes 
were ab ways. i in E The ladies too would ſometimes be entertained 
:. with. bis experiments and abfervations ; and were ſorprizo1to find with what 
1 eaſe and familiarity be could. Fee the queſtions they put: to Him. Hie 
1 4 Glance, elpecually to d . rg -who had. beet his 
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=; was „ Ienite courted "a he e of all ranks; who, by their fond- 
For his e took up 2, great deal of his time, and left Him hot 
m e ntry -retrements. ; Notwithſtanding the ne- 
ce eee Ae dere and avacations-which: he Had, he | 
ür fe his bw fludies with the utmoſt aſſiduity, reading what-" 
ever was publiſhed! from which he could expect any information or im- 
provement. But to Th 5 for ſo much ſtudy and writing, he was obliged 
to take fön the'ordin y hours of ſleep, what he beſtowed on his fchols 
. me Pa this „ No. e i e his health. Dri Pets 


By ee Hi hy i tlie beg ii of the year 't 6457 His We en * 
Me. 'Coriduitt propoſed to Publith' An 28050 of his Hfe, and gerek f 
Macl#trin's affiſtance; who, out of gratitude to his great benefactor, chear- 
fully undertook and. ſoon finiſhed the hiſtory of the progreſs which philo- 
bopſty Dad Hide "befor Sit Wears time. This his ehe g re ihe 
follow! | erke hich | wi lt 1 9 . . to London, and had che 
q; Nh r. Rundle, in particular, afters/ 
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office of preſident De Dr. Plapiner hon 
Weite appointed "ſecretaries?" and 


öth volumes of the Medical Eſſays... .. Some 
in the Philgſepbical Tranſattions, and Mr. Macleurin had occaſion tocinſert 


Sit Jage Neivton's philoſophy: By ' which” means the publication: of 4 
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His demonſtrations had been, ſeverat \ years ages e g 
Dr. Ber#ley, and Mr. Maclausin had treated 655 with 155 greateſt, perſonal 
reſpect and civility: notwithſtanding which, in his pamphlet on tar-water, 
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He rep 'pro nilding an Rte ar 155 erva ry, and a 
convenient ſchool for experiments in the univerſity ; of which he drew 


s, he employed all his influence to raiſe money 
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re been far advanced. l of Morton and Hoptoun | ar Bon 
ity, as well as "their love of rs ſciences, upon this occaſion ; as did the 
le Baron Clerk, vice- 5 reſident of the philoſophical ſociety : and ſeveral” 
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map Was preſented to the [Fain wi Society at Edinburgh, 4 
by their order. The reveren 


* 4 


IE 


papers; and we expect ſoon the geography of the Or kneys'cortected by Mr. 


1 Mackenzie. It was 'from obſervations like theſe, made by ſkilful perſons, | 


25 with the beſt inſtruments, that Mr, Mr ERR to ke a go 
map of Scotland; not from the flaviſh 


2 dn collecting, and _ Wye 
nh. 


wo 


t and. well contrived plan: and as this work was to be carried E 
ohappy | 


* YR. the SOFIA ſhould be gs to receive 


tho 0 countries, . "which 3 is very erroneous in all our maps; to examine their 
al hiſtory, to ſurvey the coaſts, and to take the meaſure of a degree of 

a bor this purpoſe, defired Mr. Maclaurin's affiſtance. - 

s not per nig him to take ſuch a journey, he could 
draw a memorial of what he thought neceſſary to be ob- 
roper inſtruments, and recommend. A Short, ns ber | 


Mr. Bonnar drew likewiſe a map of the | 
at rec moſt northerly iſlands of Sherland, which is among Mr. Maclaurin's 
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the præmium was limited to the diſcovery of a north-weſt p 
Mr. Maclaurin uſed to regret that the word weſt was inſerted, becaule he 
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veys of little anthony which, he Rong. muſt  conribue more to 7 
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VI. Ale had gil another. aber 67 6 the iroprovenient of geo- 
graphy and. navigation, of a more extenſive nature. After reading all the 
accgunts he could 2 of voyages, both in the ſouth and north ſeas, he 
imagined the ſea was open all the way from Greenland to the ſouth ſea, 
by the north pole. C this he was fo much perſuaded, that he has 
been heard to tolax if his ſituation could admit of ſuch adventures, he would 


undertake the voyage even at his own charges. But when ſchemes, for 


finding out ſuch a paſſage, were laid: before the parliament in 1744, and he 
was conſulted concerning them by ſeveral perſons of high rank and influ- 
ence; before he could finiſh the memorials which he- propoſed to have ſeat, 


and 


ug ht en eie. it at all to be found, muſt lie not far from the \ An 


Salt . was. rike zeal of this whey; perſon 1 the N good, in every in- 


Hance ; the laſt, and moſt nnn is that which Wegre, now going to 
rel. | 


When it was certainly known, in 174 55 that the Shot, cher bing got 
between Edinburgh and the King's troops, were continuing their march 
ſouthwards, Mr. Maclauriy was among the firſt to rouſe the friends of our 


* 


happy conſtitution, from the unlucky ſecurity they had hitherto continued 


in: and. tho' he was ſenſible that the city of Edippburgb, far from being 
able to ſtand the attack of a regular army, could not even hold out any con- 
ſiderable time againſt the undiſciplin'd and ill armed force that was coming 
againſt it; yet, as he foreſaw of how much advantage it would be to the 
rebels, to get poſſeſſion of that capital; and, the King's forces under the 
command of Sir Jobn Cope be ing daily expected; he made plans of the walls, 
propoſed the ſeveral trenches, barricades, batteries, and ſuch other defences 


as he thought could be got ready before the arrival of the rebels, and by 


which, he-ho * the town might be kept till the King's forces ſnould come 

whole burden, not only of contriving, but alſo of over- 
ſeeing the execution, of theſe haſty fortifications fell to Mr. Maclaurin's 
ſhare; he was employed night and day, in making plans, and running from 
place to place; and the anxiety, fatigue, and cold to which he was thus 


| expoſed, affecting a conſtitution eee of weak mr laid the foun- 


alles of hos een of which he died. 
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1 An Account f this LI andWrrrincs 
Stiet n 21. , rtr _ al big noh! ttt: tend Watt ti 
2 2 came to b glected, and in what manner the rebels got 
a proper enquiry for this place. | They got 
being raiſed by this unaccountable ſacceſs, 
Jy fions'which it gave them, they ſoon | 
tefeatedth Ki ax oops Preſton. The moderation which they 
had — (beſore! her unhappy "battle was now laid afide, and obedience 
b a ee proclamations or orders they thought fit to iſſue, 
1 itüry execution. Among other deſpotic orders, one was, 
riding all — ty been volunteers in defence of the town, before u 
latech tine, * wait on their ſecretary of ſtate, to ſubſcribe a recantation of 
what chey bad done and 4 promiſe of ſubmiſſion to their pretended go. 
vernment under che pain of being deemed and treated as rebels. Mr. Mar- 
lawrin had been to active and diftinguiſheda volunteer, to think he could 
the ſevereſt treatment, if he fell into their hands after neglecting to 
mukke che ſubmiſſion required he therefore withdrew privately into Eygland; 
before the laſt day of teeeiving the ſubmiſſions ; but, previous to his eſcape, 
found means to convey a good ee into * caſtle, and concerted a me- 
thoÞof ſupplyi WN rern ee ons? 
% Hiss in To Bog ud ao Ar | „iW. 
Ae fn ub h Gage, Dr Weener Ri u then Lord Archbiſhop of York, was 
indie har Me Marlaurin had fled tothe north of England, he invited him 
ids wolt friendty and polite manner, to reſide with him during his ſtay in that 
cbuntry. . Maeldur in glad. accepted of the invitation; and ſoon after 
exprefies 'himfelf thus in à letter to à friend; Here (ſays he) I live as 
<::happily"as's' man can de, who is ignorant of the ſtate of his family, and 
<1:who- ſtes the ruin of His country.” His Grace, of -Whoſe: merit and 
goodie; Mr. Matlauri' ever tetained the higheſt ſentiments; àfterwards 
kept a regular correſpondence with him; and when it was fuſpected that 
the rebels might once more take poſſeſſion 'of Edinburgh, after their retreat 
une, invited his former gueſt mam {0 fake refuge with ban! 1. 
Ae een i ieee e 2 
At Pork he had been obſerved to be more mihgee than drditbing 2 wich 
afickly look; though not being apprehenſive of any dangerat that time, he 
did hot call in the affiſtaice of à phyſician : but having hat a fall from His 
horſe on his Journey ſouthward, and, when the rebel army marched into 
Englund, having on his return home been expoſed to moſt tempeſtuous cold 
weather, upon his arrival he complained of being much out of order. 
In a little time his diſeaſe was diſcovered to be a dropſy of the delly, to re- 
move which, variety of miedieines, preſcribed by the moſt eminent phy- 
ſicians at London, as well as thoſe-of * and oy! ee were 
uſed without making a cure. nc. % 54/52 
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account for a ph 


The gie be ths Eh e dib cle 6 


bulk of mankind, 


liar to himſelf. He profeſſes likewiſe, that after an intimacy 


A U N MOR: N 00A GA * 


His imine, during this tedious and painful diſtemper, was ſuch as be. 
came a and a chriſtian ; calm, ch and feſig nied-; his 
ſenſes and judgment remaining i in their full vigour, till within a few. Route; 
bet Then, for the firſt time; his stanuguſte to whom: he Was; 
diRating the laft chapter of the following-work-{in which he proves. the 
e the power, goodneſs, and other attributes of the-Deity): ohſeryed 
ſome heſitation or repetition: no pulſe could then be felt in any part of his 
„ and his hands and feet were already eold. "Notwithfandiog this 
extremely weak condition, he fate in his chair, and ſpoke to his friend Dr. 
Monro with his ufual ſerenity and of reaſon, deſiring the Dr. to 
#notmenon which he then obſerved im himſelf : flaſhes of 
fire ſeeming: to dart from his eyes, while in the mean time his ſight was 
failing, fo*that he ſcarce could diſtinguiſh one object from another. In a 
kittle time after this converſation, he deſired to be laid upon his bed; where, 

| day the 14th of June, 1746, aged 48 years and 4 months, he had 
aſy paſfage from this world to that tate of His. Ta be e 

i Was 28 g ener ee eden 
which he had acquired, with all ranks of men: but thoſe of greateſt worth, 
aud who had moſt intimately known him, were the moſt deeply affected. 
Dr. Monro, in an oration ſpoken at the firſt meeting of the whiverſity aſter 
Mr. Maclaurin's death (from which the ſubſtance of the foregoing. count, 
is taken) gives, particularly, a very moving picture of the grief 
Lord Preſifent Forbes, on this occaſion. - A likeneſs of characder, and Py 
fect harmony of ſentiments and views, had cloſely united them in 
lives; in their deaths, they were alas! too little divided: the Kaen 
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likewiſe, worn out in te ſexyirs of wig e e dh bee, 
of a general cin. ig 505 7600 17 92A 


\ 14 » 


In the ne diſcourſe. the Doctor ewe. ts * t of Miſa 
that acute parts and extenſive learning were, in Mr. Mecladrin, but 
inferior qualities; that he was ſtill more gobly- diſtinguiſhed: from the 
by the qualities of the heart ; His ſinèere love to Gop - 
and Men, his univerſal | benevolence and'. unaffected piety' ; prone 
with a warmth and conſtancy, in his friendſhips, that waz in a matter | 
with him' for 
ſo many” years, he had but half known his worth ; which then only dis 
cloſed itſelf in its full luſtre, when it came to ſuffer the ſevtre teſt of that 


diſtreßsful fituation,. in which every man muſt at lat. fnd bhmfelf; and 


which only minds prepared like Bie, armed with. vrtus and: chilli i hope 
Can B Bomb ob 5 | ed did of Þ AnnE 128 nr halo 


b 2 + 


0 nns 


do n bert BY Bil ine? 159 
ghtfi 11 he = wu the 15 of Mr. Maclaurin's 
Neo bear a our” being ſo particular. We muſt content 
fig er him in the character in which he, was univerfally known; 
by. 1 a ſhort account öf his works, and of the taſte and manner in 
"hich be cultiy; vated the mathematical ſciences ; * purſuing with ſach inde- 
e pon, fudies that ſeem, to many, 1 ue iz N 


by ** Do * 


e ff firſt. gg compoſi in bas 275 po was, _ Gemetria 1 55 ; 


— 52 


EY twice 8 1 41 fame 5 oint; ar che e of "the far r greater 
e. of thoſe . which 


ol rulers actually oat” as the = requires, duch Had e may be. 
effected, he calls = by the general name of Organical. When he wrote 
this treatiſe, the ſubjects being new and entertaining, his invention in its 

| . and the ardor of his curioſity continually urging him on to farther 

diſcoveries, he did. not take time to. finiſh every demonſtration in fo elegant. 

a manner as he might have done. His page, we muſt own, is incum- 
| bered with algebraical calculations, and theſe haye offended; the delicate eyes. 
of ſome, critics; but, in anſwer to this, we may ſay that What offends. 
them, may be very acceptable to younger ſtudents : nor indeed ſhould we. 
at all have mentioned this blemiſh in ſo great a Work, if himſelf had not 
ſome where hinted at it, and, in a letter to one of his friends, e N efled an 
a intention:of reſuming, with bis firſt leiſure; that whole; theory; and adding 
| to. it a /upplement-; the | greateſt part of Which had, been printed ſeveral. 
| W ago, aka whereof: We mrs only ap abſtract ace Pie Trank: 
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cation, Ns 2, 439, 13. e ſame volume, he gives a new ae the 
chrves Which may be derived: from any given used 
e to its tangents to be drawn.continuall y through 
- whoſe interſections with the tangents will Wo a cy curve; | 
laſt a third may be formed in the ſame manner, Sa t ini. 
furniſhes many curious theorems : there are Ii d e ebenen gon- 
cerning centripetal forces and other ſubjects, Which, = quotations he 
uſes; ſhew the great progreſs he had: already made in Reer part of mathe- 
matical learning, and how well e he was with 155 vill ngs of the 
. authors. e Fore ates to. e e aid oat | ain 

: Aut IT SOS. 
We chall not 1 * 3 what has been ſaid concerning 0 iece bre 
_ gained the prize of the Royal, Academy of Sciences in 1724. In th 3 5 
1740, the Academy adjudged him a prize which did him Mill; Mfg, | 
-  nour, for accountin ator the motion of the Tides, from the theory o of gray 87 3 
An A queſtion, which, had been given out the e former year, , without, receiying 
N ſolution. He happened to have only ten days time to draw up this 
per, and could not find leiſure to tranſcribe, a 2 75 copy, ſo that the Paris 
. edition of it is incortect; but e ar he Whole, an Inſerted 
his Treati > of. Fluxions.. OO OO ME eee 
it in +2 48 11 n A 4 ani il 1G 2 f 
o TELE T9151 # Fr Wen 10mg 
N . we. mention "the occaſions on FE 05 everal ieces, whi 
1 to the Royal Society were written: ug following li | Wh 2 W their: 
ee and the dee rated of. in chem. I 21111 EQ iT J tALGN 3 
Ip EN OTE L 50305 go 9E 21 alem 
by of the conſtruttion,, odd 4b. xoitiazoxato 
1 MERA UL LES: hate, "Ft 2104 n 10 
I wy A new met, wh m Geri all bis of curves, N. 18 Ty 1 A 
E 3. A Letter 4 Martin Eolkes, g Bj; en nation, "iſh 5 ut 
£4 day, e ee e 0 
4 1 8 ? "Mr k *.the ſame, Margh 115, N. 1 ary 15 £39” I 
Y 2 d. 2, 17 35. 0 the deſcrip tion of curves; with. an accbunt 
= of, farther. improver uts, and 4 A e Li Narr, 27th; Nov. 1722. 
3 ; C Ny 1 25 at e421 510 l 405 Ae * 2 5 * n ottrrumct 3 5 
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But — — great works: on ch ich lie beficnind the moſt Habour, and which. 
will Her do him honour, is his D of Hluriont. i N 


The occa ons af it was 1 above, namely, the objections. of 8 
ingenious men againſt the doctrine of fluxions, on account of the different 
modes of explicatian. which had been uſed by different authors. Nor can 
it be denird, that the terms infinite and infiniteſimal: were become much 
tos familiar to mathematicians, and had been abuſed both in arithmetic and 
geometry : At one time introducing and palliating real abſurdities, and, at 


other, giving theſt ſciences an affected | myſterious: air” which does not 
to Aae Tb remedy this growing evil, and for ever take away. he 


beld 
9 — cavilling, Mr. Muciaurin found it neceſſary, in 
demonſtrating the 232328 of fluxions, to reject altogether male excey- 
tionable terms and to ſuppaſe no other than finite . — quantities, 
much as Euclid treats of in his geometry; nor to uſe any other form of 
demonſtration tian what the antients had frequentiy uch and which 
had been allowed as ſtrictly conciuſive from the firſt riſe; of the ſcience: 
by which means, he has. ſecured this admirable invention from all future 
attacks, and at the fame time done juſtioe to the accuracy of the gteat 

inventor. The work. coſt. him infinite pains; but he did not grudge it: 
he thought that in proportion 5* as the general methods are valuable, it 
is important that they be eſtabliſhed above all exception, and ſince they 
« five us ſv much time and labour, we nher * "AY 9% 9 | 
8 the methods themſelves TT 11-4 | 


To his a this docktine his ts ald r many . . 
provements of it, and has happily applied it to ſo many curious and uſeful 
2 that bis work may be called a florchouſe of mathematical learn- 
ing, rather than a treatiſe on one branch of it. The particulars: we need 
not enumerate, eſpecially as there is printed in the Philoſophical Tranſactions 
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| henſive view, taking in at once all the means of inveſtigation; he could 
ſelect che fitteſt for his purpoſe, and apply them with e and 
method. This is a faculty not to be acquired by exerciſe only; 


concerning the maxima and . ſome aac the moſt 
| Phe geometry. | N e B1OOEE © Y 11110: 11% 3 11 LMS en 
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account of Sir Kang Newton's m_ 
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e this whole work, thongs not * perfect in all its 
parts, becauſe of the infinite extent of the field into which he w . 
there appears a very maſterly genius, and an uncommon adreſs.” | 


An ordinary artift follows the firſt, not genera ally the beſt; road that pre- 
ſents itſelf, and arrives perhaps at the ſolution. of his problem z but it will 
ſcarcely be either elegant or clear; one may ſee there is ſtill ſomething 
wanting, the. reſult being little more ſcientific than that of an arithinetical 
operation, where the given numbers and their relations have all diſappear- 
ed. This was not the caſe of Mr. Maclaurin; he had a quick compre- 


rather to call it a ſpecies of that taſte, the gift of nature, which . 
ee as in other _— dove; cr excellence from medioeny, 
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we have in all Mr. Maclaurin's better reicaks; eſpecially in in bis treat of 
flaxions, numberleſs inſtances of this adreſs: ' We::need only inſtance in 
his reducing ſo many ſolutions which uſed to be managed by the higher g 
orders of fluxions to thoſe of an inferior order, and many of the 2 
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His Pn tho” it had woke advantage: to be: fniflied by tio own 
hand and publiſhed under his eye, is yet allowed to be excellent in its 
kind; containing, in no large volume, a complete elementary treatiſe of: 
that ſcience, as far as it has hitherto been carried; all the moſt. uſeful. 


rules, which lie ſcattered. in fo many authors, being clearly laid down and 


demonſtrated, and in the order which he had found to be the beſt. in a 


long courſe of methodical teaching. He is more ſparing, it is true, in- the- 


practieal applications than moſt other writers, but this was defignedly ; he 


was of opinion that many- ofithoſe applications deſerve. to be treated of n=: 


part; and to have taken too: much of them into his plan, would have been: 
the elements of Euclid, by mixing with them the rules of 


practical geometry. To this work is ſabjoined, as a proper appendix, his 
latin tract De Linearum Geometricarum proprietatibus generalibus. It is. 


: WEE printed from. a. . manuſcript. all. written ane corrected by "thor au- 
| F or's, 
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-a6601 unt'of e, r nenes philoſophy lies now before the r ade 
Wurz ye on the fable f contents, may ſee: the author's de- 
a rithod ya 8 . _ On: e en het we ne; find 
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tion rom ae ma e which il it is 1 * . | 
this account, Sir Wage ons grand diſcoveries concerning light 
. bot tranſiently and in general touched upon? To this it 

fwered; that our author's main deſign ſeems to have been to explain 
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. e e eee e that have been, and are al, 1 


troverted) Hut it is: known that, ever ſince the experiments, on which 
f hipdodrine'vf light and colours is foutded,! have been repeated with due 
care; this"doRribe-has ſuff 
the v acbeunting for the celeſtial motions, and the other gr 
appearance of ide} n gravity, vis) miſunderſtood and even ridiculed 
to chis day: the beat chargt of 5. lt qualities has been frequently fepeated; 
nay n proſeſſo 323 themſelves with imaginary triumphs ; even the. 
Sn. A 26 ina anda "OH # " Oe dee 00 ee WY 4 the Wnt ; a 


by Mr. Ak laur in] that their ohhections are altogether out of ſeaſon; 
that the Pestres they are daily combating are à creation of their own, no 


more related to Sir hac Nætron's doctrines than obſervation and experience 


"qualities 5"thit che followers of Sit Jtac Newton will for ever 
r rig zht to! ſtop where they find they can ge 
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tracing the ulter jor-cauſe of what Principle, 1 
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But beſides that Sir 2 Newtan' 8 3 of dich mii no \ nnd, i it W 
may be faid likewiſe; that it ſcarce admits of an explieation; it is ſuch an ab- 


ſolute maſter- piece of philoſophical writing, that it can as little be abridged 
as enlarged); and we had better take all his experiments, illuſtrations and press 


in the d Words in Which he has deliveted them, than riſque the 1 injuring thein 


* Webb avete, As forthe! hints which be could ndt further pattue,” and 


of this we bes a freſh like? in a ſecond dtnlrotle diſcovery of Dr. Bradley's; "1 of a ke 
a0 of the earth's : * from the motion of the nodes of the lunar orbit. 
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red no conteſtation: Whereas his ſyſtem of 8 


et no fatthet upon ſure 

uſe of a principle firmly e abliſned in experience, 

5 ith all We purpoſes they a apply it to, and in every application 
uniform and conſiſtent with itſelf; r they 2125 wi pr * 
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perſon vrhom he had ſo long, at 
Mr. abn Hill, © 
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hich poſes as queries; n 
ae eee lmbibed/che gene and fpirit of his great Maſter, t. 
run away with them 25 materials for rearing doubtful theories : He leaves 
a earths Wer them, , ill „ give them another name. 
| [Beſides his printed nord mote finiſhed works, Mr. Maclaurin had by 
2 number of manuſcript papers, and imperfect eſſays on mathematical 

— other ſubjects. Theſe the increaſe of his — did not give him 
time to put in order, or to leave particular directions how they were to be 


* _ 


 Hiſpoſedt oft He therefore intruſted them all together to the care of three 


ſe bands he knew they would be perfectly ſafe : 
nis honoured friend Martin Folkes, 'Eſq; - preſident of the royal ſociety; 
Auldrew Mirobell, Eſq; membet of parliament” for the ſhire of Aberdeen, 
who, he knew, would ſpare no pains to do Juſtice to the memory of a 
hd ſo entirely, loved; and the reverend 
N plain to his grace the archbiſhop of Canterbury, with 
whom. he had for ſome years cultivated a moſt intimate friendſhip. In 
conſequence of this truſt, theſe Gentlemen immediately ſet about pub- 
liſhing what Mr. Maclaurin had 3 and ' prepared for the Jem 
his algebra, and the account of Sir Jaac Neztor's' philoſophy : and 
ſe — could not take upon themſelves the immediate care of theſe 
ions, they appointed, for that purpo Ne, a perſon whoſe regard for the 
* 5 memory was a ſure pledge of F bi ptmoſt diligence. They like- 
wiſe ſet on foot and Holle a ſuhſcription for the following work; 
which che ſituation of Mr. Maclaurin's Oily made neceſſary. For not to 
mention, wat the thoughts of a philoſopher are not much turned to the 
ſaving of money; nor is his curioſity, to be gratified but at a conſiderable 
Expence, 'Mr. Maclaiirin's liberality was greater than his fortune could well 
bear: it was not advice and recommendation only that he furniſhed to 
| young men, in whom he could diſcover a promiſing and virtuous diſpo- 
ſition ; he often ſupplied them with money till his recommendations could 
take place. This however will not. we hope, upon the whole, be any 
_ boſs to his family; as it has been remembred, and rewarded by the generous 


manner in rr many 3 of YOu) have Promoted this ſub! cription. 


ent 240 


10 41 we now lock back + upon the numerous s writings of cur We and 


8 reſearches he had been engaged in, his patience and affiduity will 


qually aſtoniſhing with his genius. To endeavour to account for it 
x perſon who has not himſelf taſted the pleaſure3 of a contemplative 


m nd, would be a vain attempt. : Whoever has devoted himſelf to worldly 


views, or to the mere: joys of ſenſe and imagination, muſt be a ſtranger 
to the charms of truth, "naked, unportioned, and unadorned ; fuch ; as 
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Mr, Maclaurin courted her, through his whole life, n 


f luxury than other put 
een in pi 6 pF Cay ary ——ů A — 
. and the moſt ſenſibly ſtrengthened and improved. At the ſame 

-beſt 2 1 which they are confined ;. inſpiri ing 
chat humility which belongs e eee dee 
— the e, of ene s ſelf.” * 8 mo L wi Alt tte ne 
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How great an example Nr. Maclourin was of this virtue, thaſe who had 
the happinels of his 8 Ta re and hip: ang abundantly 
— abe greater his averſion 
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* was. not 1 8 watt improvement only, har Me; 


of el life, in efifing (as my Lord Bacon expreſſes it &) the pe of m 

aud extending Mee in nature. Whalpever 5 is the leaſt TEE with 
the hiſtory or the preſent ſtate of trade and manufaCtures, is fully apprized. 
chat hae is nothing great or beautiful, nothing convenient or expeditious, 
nothing univerſally beneficial, but Wants zheir direction: nor are even the 
bing which accident throws in our way, to be im proved to. 8 tolerable. 
purpoſe, without the help of Arithmetic and Geomet, 5 
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ſums and annuities. 


Wake * de U'T aok. 1 Þ nix 
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nee Mr. Aaken lad eden his 
of his works-an application, even of 
poſe. a courſe of practical mathe- 
| aloft * brenchbe'es the ſcience, from the bad 


"pe es 1027) 


matic) e 


treatment they often meet with in lefs ſkilful hands. But all this his death 


Tas deprived. us of; tinleſs we would reckon as a part of his intended work, 


the tranſlation of Br. re practical e 8 Be reviſed 
and 469. preg he ger ern in the yr” 7745. . 


n 8. 111 
In his liſe- 155 Aber he often had Spee horde Hes Friends 
ink country by his ſuperior ſkill. Whatever dithculty occurred concerning 


_ the conftrudion or perfect: Ng of machines, the working of mines, the im- 


Provement of manufactures, the ing of water, or the execution of 
any other publi e work; Mr. Maclaturin was at hand to refolve it. He was 

d to terminate ſome diſputes of conſequence, that had ariſen: 
„ene the pauging of veſlels ; and for that purpoſe, preſented 


a6 "the commiſſioners of exciſe two Ulaborate 2 A. 15 


by which the officers now act, with their ei 
But whit aſt dave given it r . | 


* 
EF) 


any ne eit of 


this kind, was the calculations he made, relative to that wife and humane 


proviſion, which is now eſtabliſned by law, for the children and widows uf 


the Steh elergy; and of the profeſſors in the univerſities; entitling them 


to oertaim annuities and ſums, upon the voluntary annual payment of a 
certar ſum by the incumbent.” * Incontriving and at ſt mg this ſcheme, Mr. 


| Mitlmirin Had beſtowed great labour; and the gentlemen who were 


pointed to follicite the affair at London, own that the authority of his le W 
Was of great uſe to them, for removing any doubts that were moved con- 
cerning the ſuffici cy of the OPIN DES enge | 


To find bimſelf thus eminently aſcfal," even to late poſterity, muſt have 
Nenn a delightful enjoyment. But what ſtill more endeared his ſtudies to him, 


was the uſe they are of in demonſtrating the Being and Attributes of the 


Almighty Creator, and eftabliſhing the principles of natural religion on a 
folid foundation; equally ſecure againſt the idle ſophiſtry of Epicureans, and 


the dangerous refinements of modern metaplyſicians. He agreed with the 
great N Ir. Cotes , in chin . that the grant”. 5 nature Wi ever be 
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N 4 and *. various ſyſtems of philgſc ophers. 


5 H A p. I. 


5 4 gener . view of Sh Tao! Newton' 4 wk and of bs his a. 
count * the Jem a * Top” 4 


0 deſcribe hs heaping of nature, to ex ks W 
cauſes, to trace the relations and dependencies of 
thoſe cauſes, and to enquire into the whole conftitu- 
tion of the univerſe, is the buſineſs of natural philoſophy. 


A ſtrong curioſity has prompted men in all times to ſtudy 
nature; every uſeful art has ſome connexion with this ſcience 


and the unexhauſted beauty and variety of things makes 
it ever r agrecable, new and furprizing, 


But nated _hiloſop 1 is fubſervient to pu pen of a higher 
kind, and is chiefly to "be valued as it lays a ſure foundation 
for natural religion and moral philoſophy ; by leading us, in a 
ſatisfactory manner, to the knowledge of the Author and 
Governor of the univerſe. To ſtudy nature is to ſearch into 
his workmanſhip: every new diſcovery opens to us a new part 
of his ſcheme. And while we ſtill meet, in our enquiries, with 
hints of greater things yet undiſcovered, the mind is kept in a 
pleaſing expectation of making a further progreſs ; acquiring 
at the Top time higher conceptions of that great Being, whoſe 
| . are ſo various and hard to be com prehended. 

| — 4 Our 


"Or views 4 nature, hawerer imperſeet, ſerve to re- 
preſent to us, in the moſt ſenſible manner, that mighty power 
which prevails throughout, acting with a force and efficacy 
that appears to ſuffer no diminution from the greateſt diſtances 
of ſpace or intervals of time; and that wiſdom which we 
ſee equally diſplayed. in the exquiſite ſtructure and juſt mo- 
tions of the greateſt and ſubtileſt parts. Theſe, with perfect 
goodneſs, by which they are evidently directed, conſtitute the 
ſupreme object of the ſpeculations of a philoſopher ; - who, 
white he contemplates and admires ſo excellent a Syſtem, 
cannot but be himſelf excited and animated to correſpond 
with the 1 en of nature. | NV 


7 np — to 1 cine great on. jr ag wen muſt no Pp 
ceed haſtily in Our en J Ul wt witt 9 ow amal u. 
Falſe 1 of natural ph 
ſuggeſt opinions, concert: 1 n 
dangerous conſequence to A e 1 5 wo Bong bee ently 
employed to ſupport ſuch opinions. We have the more rea- 
ſon to be on our guard, ber,, philoſophers have, on many 
occaſions, ſhown an unaccountable diſpoſition to give into 
extravagant fictions in their accounts of nature. A conſiderable 
party adopted, of old, that monſtrous ſyſtem, which, excluding 
the influences of a Deity⸗ , attempted to explain the formation 1 
the univerſe from the accidental play of atoms, and derived 
the ineffable beauty of things, eyen life and thought itſelf, from 
nn” lucky hit in the blind uproar. An horror at the dire « teas 
8 ſuperſtition may have 1 eric them to have recourſe to a: 
doctrine ſo oppoſite to common ſenſe and reaſon 3 but we 
- have not even this excuſe to offer in defence of ſome modern 
1 e of great name, who. ſeem o have 1 too 
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much after thoſe maſters, in their mechanical accou nts of 
the I of the material 5 ſtem. 


While we ard . atheiſin” ad opinions that ap- 
3 towards it, we ought likewiſe to beware of liſtning to 
ſuperſtition; which diſcourages enquiries into nature, leſt, by 
having our views enlarged, we ſhould eſcape from her dende 
and our diſcoveries ſhould weaken ſome darling tenets. If | 
thoſe tenets are true, they will rather be confirmed by our 
enquiries; and if they are falſe, ſurely it is better they fhould 
be detected. We may urfue truth ſteadily, ſecure that it will 
be always found conſiſtent with itſelf, and ſtands in no need 


pf the jealouſtes and dark ſuſpicions of the ſuperſtitious to ſup- 


port it; in whoſe hands wth itſelf is apt to ſuffer, by the baſe 
alloy they mix with it, and by the deteſted means which 
they have too often employed to maintain ſo incongruous a 
union. The philoſophers who have been devoted to fo mean 
views, have never failed to expoſe themſelves to juſt ridicule, 
without” doing fervice to the cauſe which they | eſpouſed. 
Coſmas Tndopleuſtes * of old, miſſed by an injudicious zeal, com- 
piled a ſyſtem of nature front! fome expreſſions in the facred 
writings ; which, againſt the conſtant and univerſal uſe of 


language, he would needs underftand in che moſt literal and 
W very ſtricteſt ſenſe. | 


FT he 1 iger abbdiding' to him, was not er, but 
a immenſe plane of a er length than breadth, environed by 
an unpaſſable ocean. He placed a huge mountain towards 
3 this En og around which the ſun and ſtars performed their 
diurnal revolutions and from the conical ſhape which he 
| aſcribed to it, with the oblique motion of the ſun, NY, ac- 


15 * Fabri biblothec! græca, vol. II. p. 609 Ke. hats an FONTS is given 
-from Photius and others of this HR with a figure to illuſtrate his . 
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minis; may inv ent fyſtems that will perhaps be greatly admired 


for à time; "ink: however are phantonis which the force of 


witle will fooner or later diſpel! : and while we are pleas'd with 
the deceity true philoſophy y, with all the arts and improvements 
that depend upon. it, ſuffers. The real ſtate of things eſcapes 
Gur obſervation': or, if it preſents itſelf to us, we are apt either 
to rehect it wholly as fiftion, or, by new efforts of a vain in- 
gentity, to interweave it with our own conceits, and labour 
make it tally with our favourite ſchemes. Thus, by 


blending together parts ſo ill ſuited, the whole comes forth. an 
abſurd bar. comin of truth and error. 


of the many difficulties db] 


nave ſtood in he way of 

perhaps has had the worſt cle | 
The love of the marvellous, and the prejudices of ſenſe, ob- 
ſtructed the progreſs of natural knowledge; but experience 
and reflection ſoon taught men to examine and endeavour to 
oorrect theſe. Tho” philoſophers met with great diſcourage- 


itious ages, learning flouriſhed, 
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2 de, but men could not be always di- 


r fo much harm, 
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Lens of nature; and, in order to obtain this at onee, to 
e liberty of inventin g certain principles and bypotheſes, : 


2. Sir Jour Newren fo hare! itvavgant fich attempts 


5 were, and therefore did not ſet out with any favourite prin- 
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we ſhould Feen to the more general ones till the argu- 
5 meat end in the moſt general; t this is is the method of analyſis. 
Being once. poſſeſt of theſe cauſes, we ſhould then deſcend in 
a contrary order; and from them, as eſtabliſhed principles, 
explain all the phenomena that are. their conſequences, and 
prove our explications: and this is the /ynebeſis. It is evident 
that, as in mathematics, ſo in natural Aertz, the inveſti- 
gation of difficult things by the method of analyß ought ever 
to, precede the method of compoſition, or the Hntbeſs. For in 
any other way, we can never be ſure that we aſſume the 
principles which really obtain in nature ; and that our ſyſtem, 
after we have compoſed i it with great labour, is not mere e dream 
ee. bs he Wi 


B . wiz 11 0 to Hd. Bo 10d, be Fe 
from obſervations, analytically, that gravity js a genera. Princir 
ple; from which he afterwards explained the ſyſtem of the 

World. By ana Iyfis he diſcovered TS wy, wonderful properties | 
of lig fo eſe, accounted. for many curious phæno- 


pi It, and, 
mena in a Huntbetic way. But while he was thus demonſtrat- 
ing a great number of truths, he. could not but meet with 
hints of many other things „chat his Lagacity and diligent 
obſeryation ſuggefted to him "which. he was not able to efta- 
blich with equal certainty ; and as theſe were not to be neg- 
lected W. to be ſeparated with care from the others, he there- 
for collected them together, | and propoſed Gm en che mo- 
ann title of e ; | | 


By boa theſe fo PI from, 1 other, he has 
5 done. the | greatelt ſervice to. this part of learning, and has & 
cCured his philoſophy againſt any 10e of 5 diſproved or 
 weakned by Fats eee He has taken care to give no- 

thing for demor aon but what muſt ever N 1 b 


* 


ſyſtems. His obſervations Sd reaſonings were unexcept 


10 Sir 10 1406 N E * T ON Boon L. 
and having ſeparated from this what he owns is not {6 certain, 


he has opened matter for the, enquiries of future ages, which 
may confirm and enlarge his doctrines, but can [never refute 
them. He knew where to ſtop when experiments were want- 
ing, and when the ſubtilty of nature carried things out of his 
reach : nor would he abuſe the great authority and reputation 
he had acquired, by deli ivering his opinion, concerning theſe, 
otherwiſe than as matter of queſtion. It was long before he 


could be prevailed on to propoſe his opinion or conjectures con- 


cerning the cauſe of gravity; and what he has faid of it, and 


of the other powers that a& on the minute particles of matter, 
is delivered with a modeſty and diffidence ſeldom to be 5 
with amongſt philoſophers of a leſs name. Nor do they act 
in a conformity with the ſpirit of this philoſophy who 1 5 
dogmatically on theſe ſubjects, till a clearer light fro 
obſervations and experiments brings them from the claſs of que- 
85 and 1 N many on cke 8e bt demonſtration,” 


9 


* 


Such was che weine &f c our ecki Wa 


* caution and modeſty will ever do him the greateſt ho- 


nour in the opinion of the unprejudiced. But this ſtrict me- 
thod of proceeding was not -reliſhed by thoſe who had been 


accuſtomed to treat philoſophy in a very different way, and 


who faw that, by following it, they muſt give up their favourite 
101 able; 


ſo, finding nothing to object to theſe, they endeavoured to leſ- 


ſen the character of his philoſophy by general indirect infinua- | 

tions, and, ſometimes, by unjuſt calumnies. They pretended 

do find a reſemblance between, his doctrines and the exploded _ 
tenets of the ſcholaſtick philoſophy. T hey triumphed mightily © 


in treating gravity as an occult quality, becauſe he did not pre- 


tend to deduce this principle fully from its cauſe, His ex- 
0 over all the es a Tre which i is ſo well known to 
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=. - 4 * 
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a of gravity Was as obſcure as before; or rather appea 
5 more my! erious, after: 


ſincere confeſſion 


| knowledge of it, could not pleaſe theſe who? hach been ac- 
. Sulto tn d to —.— "of al thing potk 
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us on tlie earth, an "explaining by it the motions and influences 


er the celeſtial bodies; in the moſt fatixfaftory manner; and his 
determining the meaſures of the various motions that are =— 


quences of this power, by fo ſkilful an application of g 


to nature; all theſe had! no merit with ſuch philoſoph 8. 


cauſe he did not aſſign the mechanical cauſe of gravity: 1 
know not that ever it was made an objection to the circulation 


5 10 the blood that there is no ſmall difficulty in accounting for 


chit ically ; they who firſt extended gravity to air; vapour, 
all bodies round the earth, had their praiſe, thougłi the 


they had ſhewn' that there was no body 
v exe empt from gravity, that might be ſup- 
poſed- to be d Aue. Why then were his adinirable'diſcove- 
ries, by which this Parese was extended over the univerſe, 
fo ill reliſhed by ſome philoſophers? The truth is, he Had Wiel 


5 great evidence, overthrown the boaſted ſchemes by: which- they 


Pretended to unravel all the myſteries of nature; and the 


philoſophy he intre duced, in place of chem, carping with it a 


F our being far from a'complete and pe 


Cd of "the etemaÞ reaſons 
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great add of 


the univerſe, and of bis admirable workmanſſuip, Sir Iſaae Vew- 


| | ha: the Avinked imperfection of ſome pa 
rather appear a 
ſuch, 


. or even the labours of a few! a ge 
the "Woke conftitution' of things, 
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will recommend his hy ; and 
Te eee e 
onſequence of its conformity with nature. 3s T6 
al ll complete and finiſfied An muſt appear 
picious: they will not be ſurptized chat refined ſpeculations, 


8 „are not ſufficient to unfold 
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continuing the diſpute ; every art and talent was diſplayed to 
Jupport 9 cauſe ? no ud ſeemed Kereign to them that 
was hi obſtinacy that teath. was abs to magke little | . — 
ſucceeded d younger 855 who þ I not ad 
| Arvely imbibed their ten 


Sir Laer Newton had-y very corly experience a thi are of 
bad de averſion to diſputes, and was 1 Genie 
Wü to enter into any controverſy. The warm oppoſition 
bis admirable diſcoyeries in opties met with, in his youth, de- 
prived r of a full account of them for 2 — years, till 
chere appeared a greater diſpoſition amongſt the learned to re- 
ceive them 5 and induced 2 to retain other 3 impor ant inven- 

a publication might — bim. He 1 wel ghed the reaſons 
20 apart 7 we rene 2 publcaio . ary 


wel i he ables of this great man, * Ge 
lar mar rating ar: into nature _ IG: and 


\ 


i W213 


: Wie did bis 8 to « a proceed from the love of 
quiet only. Philoſophy had been in bigh eflcem of old, but 
had loſt its antient luſtre from the endleſs idle janglings that 
had ariſen amongſt the ſects; and could never recover it while 
a faculty of inventing a fy ſtem readily, and defending it obſti- 
nately, were the WP lr talents of a philoſopher. While one 
age or ſect overturned for the moſt part the via rde 
. of another, many of the wi ont * of acquiring 
NAS DLL | . ccr tainty 
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erinth in Hatural kh ooledge, and choſe rather to content 
Aernſelves with the general View of things, open to all men, 
N than attach themſelves to ſchemes which j aue no real fruit, 
and really led them farther from che truth. Our author there- ; 
fore propoſed that all prejudices { ſhould. be laid afide, and the 
genuine method of treating natural philoſophy, which we have 
deſcribed from him, ſhould be cloſely | followed. By his adler 
ib to it himſelf, we are ſecure that truth and nature are on his 
lde; and by following the excellent models which tag 17 
L nd us, we N de able to make farther adeances. N 
05 Otter babe pretended 1 to e the whale ee of | 
in ngs by w What they call clear ideas, and by mere abſtracted 
Apecllatioes. They expreſs a contempt'* for that knowledge 
of cauſes Which is derived from tlie conternplation of their 
effects, and are "unwilling to condeſcend to any other ſcience than 
that of effect from their cauſes. Therefore they ſet out from 
thi fr ſp cauſe ;" and from their ideas of him pretend to unfold 
he whole chaid, and to trace a complete ſcheme of his works. 
This 4s the philoſophy that ſtands in oppoſition to our author's | 
3 * his day. It 0 human vanity ſo much, and ſets out in 
ſo/pompous a manner, that they who attend not to the unex- 
Hauffible” variety of nature, and conſider not how unequal the 
—  _ human powers are to fo arduous an undertaking, are deluded 
” | by its promiſes: it may be doubted if ſuch a philoſophy lies 


13 3 
* 


195 plain that * it far oe mon the reach of x ee But 1915 


I] & 


EY, eien elt FORE philoſophandi viam nos os 6 EX pf Dei * 
. nitione, rerum ab eo creatarum explicationern « deducere conemur, ut ita ſcientiam per- 
fectiſſimam, quæ eſt effectuum per cauſas, acquiramus. Cartes. Princip. part. II. 85 5 


un the reach of any created being; and it ſeems to be 


After wards, having occaſion to ſpeak of che phznomena, he takes care to tell us, 
that he would not make uſe of them to prove any thing from them, becauſe he 


wanted to derive the knowledge of effects from their cauſes, and not e that 7 
aan! effects, p Princip. Part HL hy &e,” . 


operate, and can fix no border or termination of the univerſe; 
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many are devoted to this phantom, and uſe all their art to 
adorn, and recommend it to more admirers, it will be neceſ- 


fary for the ſervice of truth, that,' while we proceed, we "ye 
in view HOWE the detection of this impoſture. | 


8 The view of nature which is the immediate object of ſenſe 
is very imperfect, and of a ſmall extent; but by the aſſiſtance 
of art, and the help of our reaſon, is enlarged till it loſes itſelf in 
an infinity on either hand. The immenſity of things on the 
one tide, and their minuteneſs on the other, carry them equally 
out of our reach, and conceal from us the far greater and more 
noble part of phyſical operations. As magnitude, of every 
ſort, abſtractiy conſidered, is capable of being increaſed to infi- 
nity, and is alſo diviſible without end; ſo we find that, in na- 
ture, the limits of the greateſt and leaſt dimenſions of things 
are actually placed at an 3 diſtance from each other. We 
can perceive no bounds of the vaſt expanſe in which natural cauſes 


and we are equally at a loſs when we endeavour to trace things 
to their elements, and to diſcover the limits which conclude the 
| ſubdivifions of matter. The objects, which we commonly call 
great vaniſh when we eee the vaſt body of the earth; 

the terraqueous globe itſelf is ſoon loſt in the ſolar ſyſtem: in 
ſome parts it is ſeen as a diſtant ſtar., In great part it is un- 
known, or viſible only at rare times to vigilant obſervers, aſſiſted, 

perhaps, with an art like to that by which Galileo was enabled 
to diſcover ſo many new parts of the ſyſtem. The Sun itſelf 
dwindles into a ſtar; Saturn's vaſt orbit, and the orbits of all 
the comets, croud into a point, when viewed from numberleſs 


places between the earth and the neareſt fix d ſtars. Other 


ſuns kindle light to illuminate other ſyſtems where our ſun's 


rays are unperceived ; but they alſo are ſwallowed up in the 
vaſt ein pe Even al the — of the ſtars that ſparkle in 
1 - the 
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noble purſuit of philoſophy ; but we meet with no cauſe but 


what is, itſelf, to be b eee and are able to 
number but few links of the chain. In every kind of maghi- 
_ tude, there is a degree or fort to which our ſenſe is proportion'd, 


the preception and knowledge of which is of greateſt uſe to 
mankind. The ſame is che ground-work of - philoſophy * 3: 


. fphical ay 


mould find reaſon to conclude, per] : 
ties and inclinations, for extending his knowledge, in ſuch a manner às might be 


ſolar ſtem, which is irſel * perh 
eaſily ſeen what paſſes amongſt: 


fect IE f i 


FOJOPHICAL DISCOVERIES. iy 
ndleſs gradation is to be ſerved. Of motions ſome 
are rr. moments of time; others are finiſhed in very 


long periods: ſome are too flow, and others too ſwiſt, to be 
perceptible by us. The mein g nf cauſes is e 


forts and degrees are equally the "—— of —— fy 
ion; ; yet FUE WINS WR" pr wo _ 


# 1 e adde elt, the ſitu⸗ Wm. 
aps, that it is well ada a ede one of fi ul 


conſiſtent with other duties incumbent u _ him ; and that they have WT" 
e com him in reſpect  (Spinoz. = 1.) with; the 
00 d diſcovered by Microſco ren He muſt be allowed to be the 
to this wb which, for any thing we know, "may ben 
4* but in 7 ark wade Cape as N the 
r not inferior to any other ſyſtem in theſe 
2 Da lower r place | in nature, man might have Kore 
gſt the of matter, but he would have 
loſt more re than he could have gained by this advantage. 1 would have been in 20 | 
condition to inſtitute an analylis of nature, in that caſe. On the other hand, 
doubt not but thert are excellent reaſons, why he ſhould not have accefs HA th 
|. be. contented at pceſent with a very imper- 
> dhities incumbent upon him, as a member of ſocict Ya 
ea — 3 or . e with them 1 


of the Yaſt expanſe. 
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It is nt tl che buſinels of philoſophy, in our Preſettt 
fitriation in the univerſe,” to attempt to take in at re: in one 
View," the whihe ten of dated but do extend 
alte e 40 fat Ws our — e $ 
then will carry us, in out enquiries concerning cirhier che 
er Motions and apetadibhe of nature, or lier — y 
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Cure. PHIEOSOPHICAIL. DISCOVERIES. 20 
and to the old maxim aſcribed to Hermere, and approved by the 
obſery and judgment of the beſt philoſophers, That 
what paſles i in abt: heavens above is 1 and analogous 
what paſſes on the earth below.“ He had found that all 
8 towards each other, by a power that acts on 
all their eee equally at equal Atances, and increaſes ac- 
cording to a ſtated law when the diſtance is diminiſhed. From 
a like principle, acting at leſs diſtances, with greater vig dur, 
and witli More variety, but inſenfably at larger diſtances,” he 
JulpeBted: that the more abſtruſe phænomena of nature pro- 
ceeded. It was a great matter in philoſophy to be ſecure of 
one general principle; and one was ſufficient for « carrying on 
the regular motions rob the heavenly bodies: - A greater variety 
was neceſſary for conducting the different operations of nature 
in particular parts; and theſe being involved in ſome ob 
ſcurity, till better light ſhould appear, he could find no ſurer 
ground on Which to found a judgment of them, than that 
principle he had already ſhewn to take place in nature. But 
beeauſe we. often, find that phænomena, which, at firſt ſight, 
appear of a very different ſort, flow nevertheleſs from-the ſame 
uſe,. and feveral ſuch cauſes are often reſolved, on farther en- 
quiry, into one more general principle; the whole eonſtitution 
of nature (notwithſtanding, the variety of appearances) mani- 
feſtly leading to one ſupreme cauſe; this great philoſopher was 
_ induced, as elk as from ſeveralobſervations he had made, 
to think that all theſe powers mi ight proceed. from one general 
inſtrument or agent, as various branches from one great ſtem, 
f whoſe. efficacy might be reſolved more immediately into the 
dir ction or amen el the forereign ada aha: rules the | 
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a — bl maxim aſcribed to Hermere, and approved by the 
idgment. of the beſt philoſo ers, c That 

what maſſe in be: heavens above is ſunilar and analogous to 
| what paſſes on the earth below. He had found that all 
bodies gravitated towards each other, by a power that acts on 
e particles equally at equal Ae and r ac 
cording to a ſtated law when the diſtance is diminiſhed. 
a like principle, acting at leſs diſtances, — vt 
and with+ tore- variety, but inſenſibly at larger diſtances, he 
ſuſpected that the more abftuſe phænomena of nature pro- 
ceeded. It was a great matter in philoſophy to be ſecure of 
one general ue . ; and one was ſufficient for carrying on 
the regular motion of the heavenly bodies. A greater variety 
was neceſſary for conduding the different operations of nature 

in particular parts; and theſe being involved in ſome ob- 
ſeuxity; till better kk ſhould opts; he could find no ſurer 

ground on which to found a judgment of them, than that : 
principle he had already ſhewn to take place in nature. But 
becauſe. we. often, find. — phænomena, which, at firſt ſight, 
appear of a very different ſort; flow nevertheleſs A the ſame 
cauſe, and ſeveral ſuch cauſes are often reſolved, on farther en- 
quiry, into one more general principle; the whole conſtitution 
of nature (notwithſtanding, the variety of appearances) mani- 
feſtly leading to one ſupreme cauſe; this great philoſopher was 
1 0 induced, as An as from ſereraloblernationa he had: made, 
to think that all theſe powers might proceed from one general 
altrument or agent, as various branches from one great ſtem, 
N reſolyed more immediately into the 
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ole to diſſipate; and thus our veneratio for the ſuprerr . 
author is abrays dee in proportion as we advance in the 0 
dge of bis works. As we ariſe in p oſophy towards 

the fir cauſe, we > obtain more Stenſive views of the 
in uences more plainly. We 

that we are e apprbae in to him, from the Cimplivity 

erality of the powers or laws we diſcover ; from the 
difficulty we find/ to-aceount for them mechanically; ; from 
the more and more complete beauty and c contrivance, # ap- 
pears to us in he ſcheme of his works as we advance ; and from 
the hints we obtain of greater things yet out of our reach : but 
fill we find Ourſelves at à diſtanee from: Him, the great ſource 
of all motion, power and efficacy; who, after all our enquiries, | 
continues removed from us and. veiled in darkneſs, He is not 
the object of ſenſe, his nature and eſſence are-upfathomable ; 
the 1 more © immediate inſtruments of his power and energy are 
but 
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but obſcurely known to us; the leaſt part of nature, when we 
endeavour to comprehend it, perplexes us; even place and x 
time, of which our ideas ſeem to be ſimple and clear, have 
enough in them to embaraſs thoſe who allow nothing to be 
beyond the reach of their faculties. Theſe things, however, 
do not hinder but we may learn to form great and juſt concep- 
tions of him from his ſenſible works, where an art and ſkill is 
exprel; 'd that is ohvique to. the moſt ſuperficial ſpectator, ſur - 
pftines the moſt experienced enquirey, and many times ſur- 
aſſes the comprehenſion of the Profoundeſt philoſopher, 
Fon der, we enn to i CARP; we may en- 
| . 
if ever we ll: 1 allowed. 1 penetrate to the firſt cauſe him- 1 
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and ee ingenious men have been ſenſible of the neceſſity 


ving, it, in former times. But the general pradtic 

hiloſophers has been very different; and ſyſtems | ounde 
_ abſtracted ſpeculations ſtill fo much prevail, that it will be 
ceſſary for our purpoſe to ſhew, by a few obſervations on 
learning, how vain and 


z LE 
N % 
* 1 g 
8 ** 5 
- 
% F * 
8 
* 
i 28 
« "+. 
* 
P 4 
— 
» 
+ * 
2 
* 3 - 
” - oY 
- * £ 
— 
. 
ps 
# * 
” 
. „ 
— - 
” * d 
» * 
* 8 
" Fd 
« = : 
* 
* wy 
* — 
% 
2 . ” 
2 
! 1 — 
— 
* * 
” ” + * 
- > * 
7 
7 * 
i 
* N 
* 
. 4 - 
* FW : 6 * 1 
_— 7 « 1 
f * 
4 % % ' % 
5 — 
— - - 
s 0 5 - 
* 
$44 
+ * 
p , 
. a + 
* * * 55 — 2 * 2 
138 ; 


N , £ $ F = — * 8 
2 . T 4 : HOP a ** 
; F 5 1 N 
« : 0 Y 


e 
itleſs ſuch attempts have 


3 
* 
. 
— 
— 
1 
= 


Chr. 2. PHILOSOPHICAL DISCOVERIES. 25 


teen . chis kind hate ban 1 and ended 
again and again, with great labour and expence of thought; 
but ſill when they came to compare them with nature, how 
wide has been the difference! — ibi omnis effuſus labor. If we 
look back into the ſtate of philoſophy in the different ages, 
we ſhall learn from the hiſtory of every period, that as far as 
philoſophers conſulted nature, and proceeded on obſervation, 
they made ſome progreſs in true knowledge ; but as far as 
they pretended to carry on their e without hays IT 
nly mu mo diſputes. BY 15 


'F 7 of: Wa 4 as f other things, are uncer- 
tain and obſcured with fables: we collect, however, from 
ſeveral teſtimonies, that the oldeſt and moſt celebrated philo- 
ſophers of Phemnicia and Greece made a vacuum and atoms, 
and the gravity of atoms, the firſt principles of their philo- 
ſophy ; whether theſe were ſuggeſted to them from their 
e obſervations of nature, before her plain appearances were 
ſeured by the imaginary ſchemes and ike diſputes of ſpecu- 
lat! men, or were derived from ſome other origin. After - 
wards various ſyſtems appeared, but ſome traces of thoſe an- 
tient principles are for a long time to be diſcovered amongſt 
the doctrines of ſucceeding philoſophers, tho' interwoven with 
l n particular tenets; and what appears to be moſt 
uniform i in i the wit of their opinions ſeems t to be derived i 
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5 Accent o Pofidonius the bock, as cited by $48} cha tis Empire 

$7 the doctrine o Jockey was more antient than the times of the Trojan war, | 
been taught by Mo/chus a Phoenician, the ſame probably meant by 33 
he tells us that Pythagoras converſed at Sidon with the prophets, the foccrtrs 
Moc bus the phyſiologer. In thoſe early times the Sin” 2 5 lawgiver and ohilo- 
ſopher were united, and this Mochus is A. ** many to have been the ſame 
| with * the ag * the Jews. 
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from this ſource *. The more ancient atomiſts ſeem to have 
taught that there were living ſubſtances alſo, which pre-es 
before the union of the ſyſtems of thoſe mene, OT ulcles, 
and continued to exift . their diffokotion. They 
r e of alin paſſive principles, life a 
well as mechaniſm, through it the world +; "Bit Shis'ekine 
and. genuine ee hr was diſmembered afterwards, and from 
an affectation of ſimplicity, or for other reaſons, one ſort of 
permanent fubſtance was thought ſufficient. One party re- 
_ rained the paſſive and matter only, and from the for- 
tuitous concourſe of its corpuſcles pretended to explain the for- 
mation of the univerſe. Others, more refined, aſeribed __ 
and  Premanency ency to active mcorporeal ſubſtances chiefly, or 
only. Andfo finlar were their diviſions and — og thok 
fer won" times, that a third —— n to ha 
N. of wo while wor fr 


 confiſted of one imm 5 able and inf i e rewe 
charrheir fceeion Own themſelves at a loſs t0 1 erftand 
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As to the ee tenets of Wala, and his . of the 


Tonic. ſahocl, the. ſum of mat. we learn from. the in 
accounts We have of them is, that each overthrew whi 
ha moe 6 E th 
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an ſatisfaction from them, he was too ſincere a lover of truth, 

d | tao. Juſt. to mankind, to attempt to invent one of his 
Wn, or 0  difſemble his ignorance, of nature. He faw. that 
LIN naginary knowledge was the greateſt obitr ction to true ſci- 

e caulk ade thoſe Who were pa up with it very troyble- 
dure e kun of ſolid amid ne chere fore ts FIGRY 
van ˖y of the ſophiſts of b times, 7 00 rcd ed. i know | 
all thing. The: oracle on a certain oecaſion had cles him 

the wiſcht of men; and this preference he explained, with his 
Dn Oy | to 'be owing to this * that while ot! 1 
8 5 ——— 5 vain 
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After hy ry Kultlen Antemp "wy * Jad. mac ap 
youth * to ſee into the cauſes of «> A* happening to oe 
that !Anaxagoras taught that all. things were governed by a 
0 preme mind, and being mightily pleaſed-with| this principle, 

he had "revourſe! to his writings; full of expectation to ſee 
ye whole ſcheme of nature explained from the perfect wiſdom 
of an all- governing mind, and to have all bis doubts about 
the perfection of the univ re ſatisfied. But he was much dif 
appointed, when he found that Anaxagoras made no uſe of 
this ſovereign mind in his explications of nature, and referred 

nothing to the order. and rfection of the univerſe as ts reaſ 
by : introduced certain aercal, æthereal and aqueous powers, and 
h incredible Lina jew for the cauſes of. things. U bon the; 
whole, of Socrates. found Cl 1aty TE Was no more 
1 Qory, t han if one wh nota to account for all the. 
actions of Socratss, ſhould begin crates was 
acted by a principle of thought and deſign ; 5 and pretending 
to explain how he came. to be in priſon at that time, 
when he was condemned to die by the - unjuſt and ungrateful. 
Athenians, he ſhould acquaint us that the body of Socrates 
confiſted of bones and. muſcles, that the bones were ſolid and 
had their articulations, while the muſcles were capable of being 
contracted and extended, by which he was enabled to move A 
his body and put himſelf in a fitting poſture; and after 
adding an explication of the nature of ſound, and fu the organs 
of: his, voice, he ſhould boaſt at length that he had thus! ac 
5 for bm $ — in conver ng with his friends © in 
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priſon; without taking notice of the decree of the Arhenians, 
and that he himſelf. thought it was more juſt and becoming to 
wait patiently for the execution of their ſentence, than eſcape 
to Megara or Thebes, there to live in exile. © Tis true, ſays he, 
<« that without baer and nerves I ſhould not be able to per- 
es form any action in life, but it would be an unaccountable 
way of ſpeaking to aſſign thoſe for the reaſons of my 
e actions, while my mind is influenced by the ee of 
hat! is beſt,” r 


. 117 rail wow notice of this paſſage the rather, toms. it 
hews how eſſential the greateſt and beſt philoſophers have 
thought the conſideration of final cauſes to be to true philo- 
ſophy; without which it wants the greateſt beauty, perfection 
and uſe. It gave a particular pleaſure to Sir 1/azc Vewton to 
ſee that his philoſophy had contributed to promote an attention 
to them (as I have heard him obſerve) after Des Cartes and 
others had endeavoured to baniſh them. It is ſurprizing that 
this author ſhould repreſent it as greater preſumption in us # to 
aim at the knowledge of final cauſes, than to attempt to derive 
con plete ſyſtem o the univerſe from the nature of the Deity, 
conſidered! as the ſupreme efficient cauſe, or, after diſcarding 
mental and final cauſality, to reſolve all into mechaniſm and 
metaphyſical or material neceſſity. Surel ly this is the ſort of 
cauſes that is moſt clearly placed in our view; and we cannot 
comprehend why it ſhould be thought arrogun in us, to at- 
Nan. o che deli and contrivance that ſo evidently diſ- 
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twenty, miles in the night to he; r Socrates So ence Taury 
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and intellectual beings. Theſe, according to him, are the 
true ſubſtances, "the other the ſhadows ; which laſt only, thoſe 
groſs: philoſ perceive z as he who has his back 
towards the light ſees it not, or the bodies placed betwixt 1 2 
md it Tutti images projected from them only. 

aks, however, jr of the inſenſible particles * 
bollics,” which can only be perceived by the mind and under- 
ſtanding, aſcribing different figures to „ in the ſtyle of 
the atumical philoſophy +. If he carried his fondneſs for his 
ideas too far, we mult own, at leaſt, that he erred on the moſt 
irtiovent. fide ob the queſtion, in oppoſition to the Lene 
3 nes of Demucrimm and others. But however laudable the 
views. oh this. acer philoſopher may have been, ſurely the 
unintelligible myſtical doctrines of ſome of his F 0 4 


ought to admoniſh us to be on our * gyard agalnk exceſſes, 
Vas ina FOOT ug 47 | | 


«the een 3 allosen of Pytbagoras flouriſhed 
in eh, and wxught.a philoſophy y that does not to have 
been ſo trruch the reſult of their own obſervations, as to have 
2 r from 3 ae by cher gen eee iet 
twenty y a nr apes oruple 


66 the Ga mals nr He Fianna mae 
And as he was a man of extraordinary qualities and at the 
moſt pains, 40) he ſeems to have been the moſt ſueceſaſu 
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Ee Lib. I, cap. 6. Plutarch, de placitis 
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It cap. 22. Macrob. in ſomniutn Scip. Lib. 1. cap. i. See alſo 
Plutarch de animal. eg e [3 Tim 0,” tire rana Necho, n 
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roportions as would be ſufficient to render 
( 10 anets e equal. And from the fimilitude bf 
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e cant doctrine of the . o 
AI W 1738 th: derived. 85 e 


rea 2  cohceraling the erde e 
and antual the earth, the revolutions of the 
omets, his denne of x moon and' ſtars, and the har- 
mony of the ſpheres, are very retnote from the ſuggeſtions of 
ſenſe „and ppoſite to vulgar prejudices; ſo we cannot but 

Ns it they who firſt diſcovered them muſt have made 
very co Waffflerabte progreſs in aft 


It is no caly matter to pe 


n unacqu inte 


true theory of motion, that the carth, w N whic h of all thi ng in 


nature appears to be moſt fixed | le, is cartied 15 m 
ſuch a manner, and with ſo much rapidity, i in the ex 
fed of theſe | dodirines, de as ee teckon "th 


| "thoſe days. 
ants 1 1 the f 
be very imperfect mited With! errors and mi 
Hints of hem e gem Kune mort knowing nations' Wh 
had m de an er advances in philoſophy ; and that they 
were a le to deſcribe them perhaps. not much better the 
| imagine an ingenious Tadian, after. * "Jothe 
years. in Europe, and having had ſome acceſ o learned 
| men, vould repreſent our ſyſtems to his Naser men after 
his retum. Hence it was that the Pythagoreans do not ſeem 
to, have = in a condition to defend their doctrines, tho true; 
and Ariſtotle refutes them with the appearance of reaſon on bis 
fide, What he pu of tha 1e ſhews that either it was 


| 4 for it 


R Sir 1 8 A A C N E 


OT OR rightly by them, or that he mifun 


We are told that they taught char there ax ni earth oppoſite 


to our earth, and 2 other b b dien dene about the ſun 
earth, and that from 


a 2 phe | 

ground, « That inſtead ſuiting their philoſoplry to nature, 
they had miſrepreſented the phznomena 3 might _ . 

kc « pear conformable 333 diele. But had hic 
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E to "think EC. fond of the i ae g and. Plare- 


caſts bein not r 
ance of this, and "muſt have been a vp i 
| their ſcheme, if we 1 epen tient commer} 
tators on Euclid; who! tell us chat he was a qo ps. 
_ tfophe, and compoſed his excellent elements ſor the fake of this 
doctrine. But as it is a matter of pure pecu 


| conſtitution bg nature: ; and 


40 e accounts *. ri yy a learning, if it be ti true that ee oo the maſk 
"nated amongſt their — travelled into Egypt from a very different view 
than a ate their f e Plato's chief view is lad tohave been ta ſel}-his, 
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we ſhall have occ 


on to ſhew afterwards, when we come to 


give 11 Bo n pf * epler's diſcoveries. Nor is this the 


only. inſt 


Lance, where a purſuit of analogies and harmonies has 


led us into error, ig. uloſophy. Geometry can be of little 


uſe in it till data are collected to build on, and Lord V erulam 


has juſtly obſerved, Matbefin philoſe ophiam Wn rerminare. 


A aun generare aut Procreare. 


| 8 4 From Ariſtotle 8. oſophy we may 18 * a 
greateſt penetration, 21 — other help PS. will ever 5 15 leſs. 


ſervice in enquiries - into nature, than in metaphyſics and dia- 
lectics; where the force of genius may ider atchieve won. 
ders. Inſtead of the more antient f yſtems, he introduced 
: 27 5 form, and privatian as the 5 1 of all things; but 
it does not appear that this doctrine was of great uſe to him 
in natural phitofor phy, He furpaſſed-all the other philoſop bers, 
in ſtating the. — and defi 


ſcurely expreſſed, according to the confeſſion of his moſt” de- 
voted di ples, chat tho v. took, the utmoſt pains to diſ- 
—_ manner) they were not able to. penetrate into it; 


nitions relating to his ſubjects, 
with peculiar accuracy; yet ſome of his dectrines axe ſo ob. 


g (and ſome of them, as is reported, in a very 


and it is diſp uted to this day what were his ſentiments on 


ſome of the moſhimportan ſubjots. ; 


: {4 


"us. was. enabled by the liberality. op his eo: PET, 


to make vaſt collections relating to the hiſtory of nature, at 
an immenſe expence, which have been often, copied by natural 
hiſtorians fake ws But in his general and theoretical writings 
RY, nature, tho”. 1 RN way. peer acute E and. 


Js 


* Abcording i to pig. tele wrote TY valine tei mah 104 1 oe. 


ral thouſand perſons in Greece and Afia, by Alexander's orders, . 81 in *.. 


8 * he expence is ſaid to have am as to eighty talents, | 


ä ̃—N— 4 


| thr, "EPI . KOEMOY, x, (0 17 45 ſome rs it ou 5 to 


| pupil planet of. "bis 'T 


| hiygs of bodies 0 from, hidden pow c 
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10 4183 the & AID k 11 4 e ul, 10 
. Are. com nly fu 


ſubtle, Meluite 

by. later , difcoveries. k W. . eee 2 
congerning the ae otion of the ea 5 
to refute it, we obfery jd 825 1 one o | 
are aſcribed to 1 „ the author Yetends to Ae that 
the matter of the heavens f is ungenerated, incorruptible, ang 


ſubject. to no, alteration ; and fux ppoſes the ſtar 


CO 
— 


Tound.: the ear th 1 in fold orbs. In theſe” doctrines he was 


F af 4 


1” till Ty cho by bis obſervations, and: Galtleo - 


, " 
2 "9 % * . 2 


5 his, ar ruments, expoſed | their fallacy. | Some have com- 
plai ned. chat there. is lefs mention of a Deity, i his Ext 
A. arious works, than in moſt of the antient Philo i 

A NANTOS) Except ted 155 which. for. his Wim 80 been 

hy adrmirab le. pic a | to 12 : ; 4; Pp , 2 Pe. And 9.80 I * 
that he. 555 ofed it To 11 8 85 end of 1 118 at hs 


its 2 HERES. A bo 50 2 


open 500 Ih 5 lar 


| 1 ſerved i 200 fa vo 17 of thi is great. 5 wk hs: F aig 11 
aps he did, not fond | $ qop © f oule . 125 pa 
is publ Ic Wet 0 > for \ we are told that when His 

ung ſome of His tteatiſes, *e 

infinuated, by his anſwer,” 5 they would be under ſtood! by 


philoſophers. r., Had we a more perfect account of his 


» 
7 


5 1 


doctrines concerning forms and qualities, poſſibly they might 
appear in a better light : | ant 
in © ppofition to that b ranch of the atomif Ut: ; who Bllowed, 


erhaps | he meant only * to alſert, 


- 


. mocf itte, that the Phanomena of nature * Be not i "A 
counted for from matter and motion oily; hut chat the g 
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* PHILOSOPHICAL DISCOVERIES wn -: 
different combinations of the particles of matter, according to 
the laws eſtabliſhed, | The conduct of Calliſtbenes, whom he 
recommended to Alexander to accompany him in his Afatic 
conqueſts, does great honour to Ariffozle : A proſecution 
however, hs he on by the Athenian prieſts, obliged: him to 
ande their city, to avoid * fate of Soerater. 


Al v was for a Joi. time called the prince of philoſo- 
eg and poſſeſſed the moſt abſolute authority in the 
le, not in Europe only, but even in Africa, amongſt 
Mahometans as well as Chriſtians. They had tranſlations 'of 
his works in Perſia and at Samarcand; and no philoſopher 
ever acquired ſo univerſal « or ſo high an eſteem. His opition 
was allowed to ſtand on a level with reaſon itſelf; nor was 
there any appeal from it admitted, the parties, in every 
diſpute, being obliged to ſhew that their concluſions were no 
leſs conformable to Ariftotle's doctrine than to truth. This, 

however, did not put an end to diſputes, but rather Pas 
to multiply them; for neither was it eaſier to aſcertain his 
meaning than to come at the truth, nor was his doctrine con- 
fiſtent wich itſelf, It is not improper to have this {laviſh ſub- 
jection of philoſophers in remembrance ; becauſe an high 
_ eſteem for great men is apt to make us devoted to their opi- 
nions even in doubtful matters, 'and ſometimes 1 in ſuch as are 
Tem. to philolophy. 


ils We have . 3 45 F ter, wa 
1 all have occaſion frequently to make remarks upon it after- 
Wards. Whoever conſiders the extravagant doctrines of this 
ſect, and of the other Dogmatiſts, of whatever denomination, 
Peripatetics or Stoics, may admire ſome of them for their mo- 
rality, and more for their eloquence, it having been their chief 
| bulinck to pte for r els baren 20 deln upon them; 

| but 


IS AAC NI O NE Boox I. 


. Wines 50 para ſurprized that, as to what relates to na- 
tural Knowledge, ſo. many joined the ſceptics; and either 
maintained that it was impoſfible to diſcover ruth, with forme: 
of them ; or with others, that men were only i in ru irſuit 

in poffeſſion of it. The ſects, and ſubdiviſion | 
ha th became fo numerous, and their £ yRems, ſo n 55 
almoſt eyery perſon of any note addicted himſelf in ſome de- 
gree to philoſophy: for none could be at a loſs to 2 a lect 
and_dogtrine, ſuited to his taſte and inclination, But it does 
not appear that this great inereaſe of philoſophers. contributed 
much to the advancement of the ſcience, or did ſervice to 
truth : ſuch. was their licentiouſneſs, and: ſo great the variety of 
their opinions, that there has hardly appeared any doctrine,” in 
9 late tives, but may be ſupported by the authority of one 


them. It has been juſtly obſerved that we nh 
; from 15 faule and miſtakes of others, in 


e 11 1 Aire | I 7 

When 1 antients, 3 applied themlelyes to Can + 
fider the heavens, or to collect the hiſtory of nature, they did 
not loſe their labour; their obſervations, ſometimes, ſuggeſted 
to them im perfect views of the true — which obtain in 
n to admire ſome hints of this 


the Ps and we have reafor 
kind that appear in ſeveral paſſages of their writings, and ſcem 
1 anticipations of ſome of the moſt valuable modern 

N diſcoveries. But, — Ts * indulged them- 


25 fel ves 


15 we ay of — * thro its vario 
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ſelves tos much in abſtruſe fruitleſs diſquiſitions concerning 
the hidden eſſences of things, and fought after a knowledge 
that was not ſuited to the grounds they had to build on. As 
to their accounts of the ſyſtem of the world; the Pyrbugorran 
doctrines were quit wg and the opinions of Ariftorle and 
Enddoxus \iniverially prevailed. In proceſs of time great 
liberties were taken with nature, ſolid orbs and epieyeles were 
multiplied, to anſwer every appearance, till the univerſe in 
their deſcriptions Joſt its native beauty, ang ſeemed reduced to 
chaos again by their unhappy labours, © | 


1 is doe work while, nov of ute fe. our purpo 
is revolutions in the later 
— weigh fell = In nt. 3 


tem 1 t n Theta” © Na, che ths, aucher, 1 85 to beſtow 
 forne time after meals in hearing the feabon inge ef different 
« philoſophers zach maintained his own ſect, a devery 
& one e expreſly contradicted another, they all conſp ired te expoſe | 
« their ndlef variance and bre bs, as well as 85 diſplay their 
pet Har and aue opinions; nay, there were ſome of 
ofe ſolemn maſters of wiſdom, 40 fond of being 


1] # Sapheritiar apts et babitu jactant, fay $ Lafantius freak z of them. Fes 
os 60 complaint of Taurus the philoſopher, cited * Aut, G ius above in che 
5 2. "of this chapter. wc. 


n * 
1 


«ke 


and policy of that people had given way to Gorbic barbarity, 

that fuperſtition reig od uncontrouled, liberty of enquiry was 
proſcribed, and a Mage zeal ſought to root out the memory of 
antient learning, by deſtroying the records of it, the in- 


eſtimable pr © duet of the labours of paſt times. The fatal 
L.A. 
+ to te habe darkened the under 


, part of 1 the | HIDE times obtai 


246 © 07m 8 A A &. NE WIT 0 Ns 8 " Book, I. 
t ſeen with cheir a y aſpe& and . , n an 


6c. Wee exceſſes and recreation of A* ero © 


But che ſtate of i a Aill x more © deplor | 
later period; that ought to a remembered, banguls: it Ab | 
covers to us > moſt cruel enemy to true philofophy. - Twas 
for ou the fall of the Roman empire, When the majeſty 


ut too ſucceſeful, for ſoon a thick cloud ſeems 
6 ps of men, and to have 
guiſhed their natural A in ſo much that a 
ned the appel tion of the 
as worſe than the iron age of the poet. Authos | 
g time uſurped the place of a0” e av under 
9 ce of making them more ſubmiſſive to hea- 
e enſlaved pay degraded, Here and. there 


om appe deared 1 of better times; but cheſe were obliged 
WW n. to the genius of that . en age : if tl 
plied to tri 
manner, or their abilities and merit ſerved only to r 
ſevere and cruel treatment from their bigotted cote 
This was the fate of the famous Roger 


| have made £ 1 


ey ap- 
c -hiloophy, it was either in a 1 = and myſterious 


con, Who app bats to 
] rizing adyances 3 in natural knowledge, for Yolo : 


24 


* Taxit: angal. ki. 14. We have, ſaid 1 of the Chineſe, PO the? no nation 
has applied to aſtronomy for ſo long a time, or with ſo much encouragement from 


the publick, they ſeem to have made little progreſs, by the accounts. we have "of 4 
them : this may be aſcribed, in part at leaſt, to their neglect of geometry (with- 

out which it is impoſſible to make great advances in aſtronomy) and mew having 
eee with opaer nations 


? — 
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times, and ſeerns to have been acquainted with fome inventions 
that are moſt commonly ſuppoſed to be of a later date. 


1 tan g neglected and deſpiſed i in Europe, found a ſanc- 
tuary amongſt the Saracens, to whom we are indebted for ſe- 
veral inventions, as well as for the preſervation of ſome of the 
works of the antients. They had ſo great a value for 
theſe, that it was uſual with them to demand copies of them, 
by particular articles, in their treaties with the Greet emperors; 
tho: they had deſtroyed an ineſtimable treaſure of this kind, 
at Alexandria, in their firſt conqueſts. The caliph Almaimon 
- celebrated. for encouraging eee learning, erecting a 
great number of obſervatories over his dominions, and provid- 
ing them with inſtruments of a prodigious ſize. By his order, 
a degree of the circle of the earth, was, firſt, meaſured, with 
xactneſs, as far as we know. But, at length, their Philo- 
opt ACT: ſeem' to have Sexy themſ elves abſolutely | to . 1 atle 
in no leſs ſlaviſh a mar r than 6 0 Europeans; and 
_ talka 15 le that ferred s ply to cee en of dif 


Soar HO ae 1} $40 


The 7. was, at hoy pe ach ly di 1ropþe : 
active genius oft man N not: be enſlaved, for ever. The 
love of knowledge revived, the remains of antient learning, 
that had eſcaped the wreck: of the dark ages, were diligently | 
ſoug ht after; the liberal arts and ſciences were reſtored, and 
none of them has gained 1 more wk this ene revolution 0 
i natural e TY. | 
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ir was onee loſt in thoſe countries, Tas f never nen again S. . 
and, of the produce of three of thoſe periods, there is little 
or nothing left. The weſtern parts of Europe have been 


more happy. Aſter a long interval, learning has returned tc 
. them ; and the period which commenced upon the revolution 
ve have mentioned, has already continued fome Kutidred 
=” It was uſhered i in by ſeveral inventions of the greateſt 
ue. If we may judge from theſe, from the valuable diſcoveries 
tdtat have been made in its progreſs, and from thote which 
urfait of, (which afford r 

for their enquiries, and at the fame time 


- fity and expectation) we may juſtly ho 


| ere it comes to an end: and if it fhould 


that it will be 1 
likewiſe have its 


d 3 it cannot, however, but be ever memorable in t ie. 


jane, of per yan in future times; 
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The invention of, convex 41 concave glaſſes was as old a as 


the thirteenth century, tho no one thought of putting two of 
them together to make a teleſcope, till three hundred years 


1 later. pon which it ha been obſerved, that thoſe 


—_P 
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keep up their curio- 5 


a” 
+ < n 1 ee . . 1 1 f a vas e 
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motions of the ſyſtem, as 
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which we handle daily may have valuable properties 
akogether unknown to us, which chance, or future tryals, 
may diſcover. The polarity. of the magnetic needle, which 
was made uſe of in navigation early in the fourteenth century 
(if not ſoonet) facilitated the correſpondence between. diſtin 
nations, and conducted Columbus to the diſcovery of the new 
world. It is obvious how advantageous to learning the art of 
printing has proved, which we owe to the ſame century. 
Theſe, with ſeveral other new and ſurprizing inventions, 
duced a great change in the affairs of the world; and a 2 
of reformation mY ſhewed itſelf, in every thing that had oy 
conne xion with the arts and ſciences. | 


. 


FLY Haniel with his Coder . a | eben 
: 3 aftrononcal learning, in the fourteenth century. The 
celebrated Copernicus (who was born at Thorn in Pruſſia in 
1473) ſucceeded them, © a man, fays Kepler, of a vaſt ge- 
c nius, and what is af. great moment in theſe matters, of a 
e free mind.” When he conſidered the form, diſpoſition and 
they were then repreſented after 
 Prolemy, he found the whole void of orde „ ſymmetry and 
proportion; like : a piece (as he expreſſes himſelf) made up 
of parts copied from different originals, which not fitting eac 
other, ſhould. rather repreſent a monſter than a man. He 
therefore peruſed the writings of the antient philoſophers, ' to 
| tee whether any more rational account had ever been propbſed 
of the motions of the heavens. The firſt hint he had was from 
Cicero, who tells us, in his academical, queſtions (book 4.) that 
Micetas a & eee had taught that the earth turned round on 
its axis, whigh made the whole heavens to appear to a ſpectator 
on che ear th to turn round it 552 Afterwards, from Hau 
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1 deduces the a 


withſtanding the oppoſition it met with, from tlie inks 
of ſenſe againſt t the carth's motion, the. authority of Irifat a 
in the ſchools, the threats of ignorant bigots, and the terror 
of the inquiſition, it has gradually "ak rt The oo _ 
=. pe 75 dig e 3 cap. 13. 1 EY | 


1 


tanch a, aha found that Philelaus the Pythagorean had taught 


that the earth moved annually round the ſun. He imme 


diately perceived that, by allowing theſe two motions, all the 
perplexity, diſorder aud 8 he had complained of in 
the celeſtial motions, vaniſhed, and that, inſtead of theſe, a 


fimple regular diſpoſition of the orbits, and a harmony of the 
| motions e ne of the Foun author of the world. 


5 


_ - "Twas "1 Sos tha year £500 ther ami Cons this Saks 
ment of the ſyſtem, in his own thoughts: but being ſenſible 
1 85 Rn ill it would be received by the generality of men, and 


even of the learned of that time, he could not be induced to 


publiſh his account of the celeſtial motions, for more than 
years. He had a. great inclination, as be tells us, MW 


hab followed the manner of the P/ ythagor 


publiſh their myſteries to the world, but cho rather to - ui] 


liver them from hand to hand to poſterity ; not that they 
enried others the kno 


ruit of all their labours : 


4 not without the greateſt ſollicitations, and much ſtro 
on his part, that at length he gave his papers to his f 


with permiſſion to publiſh them-; and he lived only to ſee a ; 


py: of his book in 1543, 2 few hours befive © bis te 
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Every age fince has produced new arguments for i it 3 _ not- 


| ment 
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ledge of them, but that the beautiful : 


become the ſport 7 the preſumptuous a ignorant. by It | 


es. of the celeſtial motions from it. 
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ment that had induced Ariftorle, and his followers, to con- 
fider the earth as the centre of the univerſe, was that all 
bodies have a tendency towards the centre of the earth. In anſwer 
to this, Copernicus * obſerved, that it was reaſonable to think 
there was nothing peculiar to the earth in this principle 
of gravity; that the parts of the ſun} moon, and ' ſtars, 
tended like wiſe to each other, and that their ſpherical figure 
was. preſerved in their various motions by this power, T Thus 
every ſtep in true knowledge gives a glimpſe or faint view of 
5 ann nn next its ond op "ROW 12 ren in n the e of 


7 * * N . 


43 The Lei een 5 — Apiagireas 6 Wan was a 
of the 1 utmoſt importance in true en and paved the 
way for greater diſcoveries ; but the minds of men were not 
ſuthciently prepared for it, at that time. A juſt account of 
the theory of motion was wanting to e them ſenſible of 
its ſim _ and beauty, and to enable them to reſolve, in 
a ſatisfactory manner, the obvious arguments that appeared 
; againſt it. According to Copernicus, the earth: revolyed on 
its axis, with a rapid motion, from weſt to eaſt. It was ob- 
jected, that ſuch a motion could not but have ſenſible effects 
on many occaſions; that a ſtone, for inſtance, drop'd from 
the ſummit of a tower, ought to. ſtrike the ground, not at the 
foot of the tower, but at a diſtance A we according to 
this doctrine; the tower being carried, by the div rnal motion, 
. che caſh; while. the ye Was enn "Ii aufer to 


. 5 1 MEET ES Do 

„ Equidem 3 ins. non a aliud eſſe quam ene ee na- 
FR ras partibus inditam a divina providentia opificis univerſorum, ut in unitatem 
 Integritatemque ſuam ſeſe conferant, in formam globi cocunites. Quam affectionem 
credibile eſt etiam ſoli, lune, cæteriſq; errantium fulgoribus, ineffe, ut ejus effi- 
cacia_ in ea qua ſe repreſentant rotunditate permaneant; quæ nihilominus multis 
modis ſuos cfficiunt circuitus. Nicdl. Copernici revol. bb. . 
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care = attention, having reported to Bebo Brabe that it had 


elle han in the: ſur; but ways 
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/ — of the earth was compared to the uniform 
pProgreſſive motion of a flip at ſea; and it was affirmed, that 
tone drop'd from the top of the maſt would ſtrike the deck 
ab the foot of it tho the ſhip was under ſail, and advance 
Ax a great rate while the ſtone was falling. This e nent 18 
d all queſtion: : but ſome, who tried it without due 


Boox. I. 


not ſucceeded *, this, with a e zeal for the facred 
wi age, and bene rede hene: er being the inventor of 
n, induced him to reject the doctrine or” C pe 


and propoſe a mide io ſcheme, © Bebo was too well ae qual 


with the planetary motions to ſup = their centre any where 


le theſ, by their proper motion, 


— Ike Pont ſyltem) and to ſuppo 

ut eres to its fartheſt viſible hmits, 
111712 © 77000 about” the” axis of the ea 
His Ticken who choſe rather to fave this imn | rene C 


bie Dae was not ot beppy we eſt abliting a | 
em, he did great ſervice, however, to aſtronemy, by 
Aae and exactneſs in making obſervations, for a long 
feries of years. He diſcovered the refraction of the air, and 
determined the places of a great number of the fixed Rars, 
wah am * werke ps NO 1255 780 "of former ches. 
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He demonſtrated that, the comets were higher than the moon, 
from their having a very {mall parallax, againſt the opinion 
Which then — 4 He diſcovered what is called the va- 
riation in the motion of the moon; and, from his ſeries of ob- 
ſervations on the other planets, the theories of their motions 
were afterwards corrected and improved. For theſe ſervices he 
V Jl bl always celebrated by aſtronomers. 


My owns the Jatter md of the Gxteenth 3 and about 
the beginning of the next, Galileoand Kepler diſtinguiſhed them- 
ſelves in the defence of the Copernican ſyſtem, and by many new | 
diſcoveries, in the ſyſtem of the world. The excellent Galileo 
was no leſs happy i in his philoſophical enquiries, than in the 
celebrated 'diſcoyerie: which he made in the heavens, by the 
. e Jo the admirable Kepler we owe the diſcovery of 
the true figure of the 3 and the proportions of the mo- 
tions of the ſolar ſyſtem; but the philoſaphical improve- 
ment of theſe e was reſerved tor Sir Her N 22 155 


e had A particular paſſion for faidiog analogies, and 
harm in after the manner of the Pythagoreans 
niſts; the to, this denten we owe ſuch valu- 
able diſcoveries as are more than ſufficient to excuſe his 
conceits. Three things, he 3 us, he anxiouſly ſought to 
find. the reaſon of, yi his early. youth; why the planets 
were fix. in number, why che dimenſions of their orbits were 
ſuch as Copernicus had deſcribed from obſervations, and what 
was the analogy or law of — revolutions. He fought ſor the 
reaſons of 07 firſt two of theſe in the properties of numbers 
and plane figures, without ſucceſs. hs at length refleing 
that while the plane regula! infinite i 
the ordinate = regular ſolids are * oy gd as Euckd had 
5 ne ago demonſtrated, he eee chat certain ener 


in 


5 
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* nature might correſpond with this remarkable limitation i in 
herent in the eſſences of things; the rather that he found 
the Pyhagoreans had made great uſe of thoſe! five regular 
ſolids in their 5 iloſophy. He therefore endeavoured to find 
ſome relation between the dimenſions of thoſe ſolids and 
the intervals of the planetary ſpheres; and imagining that a 
cube inſcribed in the ſphere of Sr would touch by its ſix 
planes the ſphere of e and that the other four regular 
ſolids in like manner fitted the interva that are betwixt the 
ſpheres of the other e he became perſuaded that this 
vas the true reaſon why pear 4 pl nes are. preciſely: fix 
: in number, and that the Author of the world had determined 
= regu to this e Were Being thus poſſe, as 55 chough, 
grand ſecret. of thes Pithag eans, and being mightily 
his diſcovery, he publiſhed. it rin 596; Fe- 
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K -pler "Iv a "copy of this hed to 7 ko » Brake, wh did n not 
8 of thoſe abſtracted e concerning the ſyt 
of the. world, but wrote to Kepler, firſt to lay a ſolid founda- 
tion in obſervations, and: then, by aſcending: rom them, to 
ſtrive to come at the cauſes of things. This excellent advice; | 
to which we owe the more ſolid diſcoveries of deſerve: 
to be copied from his own account of it *, 4 7 
5 literarum Bracbei (ſays he) hoc erat; uli fuf pen 
. < tionibus a priori deſcendentibus, animum ad obſerva- 
tiones, quas ſimul offerebat, « conſiderandas 3 A 
« que is Primo adu facto, poſt demum, ad cauſas_ "__ 1 
==. cenderem,”. In this 1 Judge i the: 4 . men of different 
times have > frequently © ], but ave fi 


— 3 


lowed it. Ht 38. pt eee Tak TH Sib 
"IM » Note in FOTO IE fecondam due Colnogrphc, In ie 15 ; 
- . Bebo, 
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—— pleaſed. with: by 152 Pee reis with 


Kepler to reſide w F (where he paſſed tho 
laſt years of his life, after 5 gleſt his natire country on ſome ill 


uſage) and to aſſiſt him in — aſtronomical labours. Soon 
aſter this Hebo died, but Kepler made many important dif- 
coveries from his obferrations e he found that aftronomers had 

erred,” from the firſt riſe of the ſcience, in aſeribing always 
circular orbits and unifom motions to the planets ; that each 
of: nn moves in an ellipſis which has one of its Foc i in the 
ie fun; that the motion of each is really unequable; ES: 
| ma rü 8 25 nn rayſiſi ppalſed: to be. always Araven from | 
the plan to _ deletes 1 areas in e tuned. Wir 


FX "FLEA. &:4 1 1 


u e r penn Tae -hetc . he diſbox 
has is betwern the diſtances of the ſeveral ESL 9. 


fun, and tho 3 in which . 


fu e ee à diſtan 


| VE Gor the fn nine times tes? 

© halt gnaifcriian"the\cavth's diſtance from it; and the cirele 
deferibed by Surumm is in the ſatne proportion; and as the earth 

EL olves in one year, ſo, if their velocities were equal, Saturn 
gught to eee eee dopant pg Deriodic | 
times of the planety increaſe, \ therefore; i greater 1 

than-their diſtances from che un but not in ſo great a pro- 
poitio ſquares ; for if that; was the 
law of the cindy ennie ef ein gyg eg the periodic 
; time 1 yoann 3 to be above go years. A mean propor- 
tion betwixt chat of che diſtances of the ' planets," and that of 
the ſquares of thoſe diſtances, iz the trug proportion 0 che 

H | | 


mf 
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iodic times | j As 1 mean err 92 amd its ſquare got gives 
\4peErii 85 ee having 


155 „ upon it at laſt in 1618, Ay: 1 5th, for be * ſo exact as to 
mention the N day when he Soni, that The ſquares 
be, ." op 5 5 chr periodic dummen were a0 in N eta 

| T is cont nr very 855 and furnmary: account of the fruits of 


ui great labours for levers Ling; e. the © obſervations . by 
TTT tete ris Tl int Th: REY 
| | Yeo ol tons *onob.::. 0915 err nu ads "Hy 1811199 
Kepler aw that his diſpol tion of the five: 
Glide amongſt the planetary: ſp 
intervals between their orbits, according ts to better p10 ra 
he endeavoured to diſoover other {che rmony. For this 
| | e, he compared the planet at its 
Leto and leaſt! diftances, and of the different 
their ſeveral orbits, as they would appear viewed from the ſun; 
and here he fancied that he found a fimilitude t to the divifions 
we in mulick. Theſe were the dreams of this in- 
n, ; of whichhe was 6 fond; that; 2 of the 
1 s (the Err 


7 Gallus, Res owns at- n firſt reflexions were .fro 
| aid. are bis fav 
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Dar. 3. PHILOSOPHICAL E DISCOVERIES. xr 


ſyſtems, having planets revolving round them; as the other 
followers of Copernicus, from their having light i in themſelves, 
their immenſe diftances;: and from the N of nature, have 
concluded them to be. Not contented with theſe harmonies, 
which he had learned from the obſervations of Tycho, he gave 
himſelf the liberty to imagine . other 1 that 
have no foundation in nature, and are overthrown by the beſt 
obſervations. Thus from the e of Kepler, tho moſt 
juſtly, admired, we are taug ht the danger of eſpouſing prin- 
ER or hypotheſes, 1 from abſtracted ſciences, and 
of applying yy" with ſuch liberty, to natural enquiries, 11 


A more recent inches el this a for difpevering 
analogies between matters of - abſtracted ſpeculation and the 
cConſtitution of nature, we find in Huygens, one of the 

greateſt geometricians, and aſtronomers any age has produced]: 
po on: — had N that ſatellite of ks. which, from 
him, is till called the. Huygenian ſatellite, this, with our 
moon, and the four ſatellites = Jupiter, completed the num- 
ber of fix ſecondary planets then diſcovered in the ſyſtem: and, 
becauſe the number of the primary planets is alſo fix, and this 
number i is called by mathematicians a perfect number, (being 
equal to the ſum. "of its aliquot parts, 1, 2, and 3, *) Huy- 
1 gene was hence induced to 1 that the number of the 
20 as was complete, and that it was in vain to look for any 
more f. We do not mention this to leſſen this great man, 
who never perhaps reaſoned in ſuch a manner on any other oc 
caſion; but only to ſhew, by another inſtance; how illgrounded 
| reaſonings of this kind have always proved : for, not long 
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body of the ſun on his axis, takes hold of the planets and 


carries them along with it in the ſame direction; as a load- 
ſtone turned round od ke neighbo chood ef a magnetic needle 


makes it turn round at the ſame time. The planet, according 
to him, by its jnertis endeavours to continue in its place, and 
the action K the fan's image and this inertia are in a 

| Ong He adds, that Chis action of the ſun, like to "Us 
reaſes as the diſtance increaſes ; and therefore moves 
che fame planet with greater celerity when nearer. the fun, than 
at a greater diſtance. To account for the planet's approaching 
towards the fun as it deſcends from the aphelium to the peribe- 
Him, and receding from the fun while it aſcends to the aphelium 
again, he ſup me that the ſun attracts one part of each 
planet, and el the oppoſite part; and that the part which 
s attractetd is turned towards the ſun in the decent, and that 
the other part is towards the ſun in the aſcent. 
of this kind, he endeavoured to bonne for al the ne 
Per the celaſtial x motions, _ 


| Now che Ara gf motion are e chan in Keplr's 


ide, it is caſy to ſhew the fallacy. of every part of this ac- 
ot af the planetary revohations. The planet does not en- 
deauaur $0 flop in its place in conſequence of its inentia, but 
40. in its motion in a right line. An attractive force 
makes it deſcend from the phos to the peribeluum in a 
curve concave towards the ſun: but the repelling force, which 
he ſuppoſed to hngin at the per ibeliue, uud icauie it to aſoend 
in a figure convex. towards the fun. We ſhall have gecafion 
40 ſhew aberwards, from fir [aac Meuron, how an attraction 
or -pravitation towards the ſun, alone, produces the effects, 

which, according to Kepler,  xcquired both 4 attract and 
repelling force ; and that the virtue Wien. he aforibed tothe 
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Ceonſtantly varying, he ſbewed-that there was not ſo 
difference between the celeſtial and prong 720 wen as the 
e dach e nh ee +. 5 J 8 


- un 3 image, propagated into the planetary regions, is unne- 


mitted.” that "6 now his « own 


, is verified; where he tells us that « the diſcovery of 


| t ſack e was wired for the ſucceeding age, when the 
1685 Au thor of n nature pag be en to reveal thoſe myſteries.” | 


1 % 


Ty 10 bs the i mean u tine Galileo made auen diſcoveries i in 
th heavens by the teleſcope, an inſtrument invented in that 


time; and, by applying geometry to the doctrine of motion, 
began to eſtabliſh natural philoſophy on a- ſure foundation. 


He made the evidence of the Copernican ſyſtem more ſenſible, 


when he ſhewed from the phaſes of Venus, like to the 
monthly phaſes of the moon, that Venus actually revolves 


about the ſun. He proved the revolution of the ſun on his 
"axis, tram his ſpots; ; and thi 


Fupiter in his revolution about the ſun, 


And rendered it more eaſ to conceive how the moon might 
attend the earth, as a fatellite, i in her annual revolution. By 
diſcovering Bills and cavities in the moon, and ſpots in the fun 
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ice the diurnal rotation of the 
edible. © The four ſatellites that attend 0 
Jupiter” s lefler ſyſtem, a juſt image of the great ſolar ſyſtem 3 


. 
eat a 


ceflary, as it could be of no uſe for this effect tho it were ad- i 
prophecy, with which he concludes 


Py _cenda. quam librum ee eee eee Epit. Aſtron. 


e Calles obſerved ſomething very extraordinary about Saturn, which > 7 7 5 
to be two Satellites almoſt in contact with his body; and Des Cartes fan 


two Sajellites were quieſcent in his vortex, becauſe (as he ſuppoſed); Saturn „ee nor 
; turn round on his axis ; but wrt ſhewed that this N — Tow a 
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Hie did no leſs ſervice: by treating, in a clear and geome- | 
an manner, the doctrine of motion, which has been juſtly 
called the key of nature. The rational part of mechanics had 
been ſo 4 neglected, that there was hardly any improve- 
ment made in it, from the time of the incomparable Arcbi- 
medes to that of Galile ; ; but this laſt named author has given 
us fully the theory of equable motions, and of ſuch as are 
uniformly accelerated or retarded, and of theſe two com- 
pounded ewa He, farſt, demonſtrated, that the ſpaces 
deſcribed by heavy bodies fon the beginning of their Ph au 
are as the ſquares of the times, and that a body, projected 
in any direction that is not perpendicular to the horizon, de- 
ſeribes a parabola. Theſe were the beginnings of the doctrine 
of the motion of heavy bodies, which has been ince carried =_ 


9 Ms a gat by Sir 1/aac Meuron. . ;” 


— * 


5 He alſo Shaman the gravity of the air, and ine eat 
to compare it with that of water; and opened up ſeveral 
other enquiries in natural philoſophy. He was not eſteem d 
and followed by philoſophers only, but was honoured by per- 
ſons of * greateſt diſtinction of all nations. Des Cartes, 
indeed, after commending him for apply ing geometry to 
— complains that he had not examined things in order, 
but had bed into the reaſons of particular effects only; 
ing that, by his paſſing over the primary cauſes of nature, 
1. 10 built without a foundation. He did not, 'tis true, take 
fo high a flight as Des Cartes, or attempt ſo rent a ſyſtem; 
burt this complaint, I doubt, muſt turn out to Galileo s praiſe; 


while the cenſure of Des Cartes ſhews that he had the weaknels 
i” be vain of the worlt part of his writings. | 1 
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Bot al b merit oh this- excellent phil her * t 
er conld not preſerve him from per karg. in rde 
| Sore pretended ' philoſophers, who had imprudently objected 
inſt his new diſcoveries in the heavens, when they found 
ee worſted and expoſed to ridicule, Pa ee chen hatred 
and teſentment againſt his perſon. le was obliged, by the 
rancour. of the Jeſuits (as tis ſaid 9 and the weakneſs of his 
protector, to go to Nome, and there ſolemnly renounce the 
doctrine of the motion of the earth, wah he/ had argued 
for with ſo much ingenuity and evidence F. Aſter this cruel | 
uſage he was filent for ſome time, but not id 15 for we > have. 
. valuable * of his of a he date. 2 8 ; 11 5 e e 


4 ; bj Sie) Nouri ow Lied: Paulin 4 We Was cotem- | 
porary with Galileo and X epler, is juſtly held amongſt the 
reſtorers of true learnin 85 but more eſpecially the founder of 
rimental philoſophy. When he was but ſixteen years old, 
he began to diſlike che vulgar hyſics and what wa called 
22 8 philoſophy. He faw there was a neceſſity for a 
thorough reformation in the way of treatin g natural knowledge, . 
and that all the Ty was to be laid afide that was not founded on 
| ent. He propoſed his plan in his inſlauratio magna, 
vith 0 much fireng — of argument, and ſo juſt a zeal, as 
renders that admirable work the who a of. Il who "Harps a 


5M vir in omni 1 eee eee Wen e 
odio, ac principis Thuſci ſub quo vixit ſocordi metu, coactus ire Romam, ideg 
quod terram moviſſet, non vetante veſtro Hortenſio, dure habitus, ut majus vitaret 
malum, quaſt ab eccleſia edoctus, fon ſcita reſcidit. Hug. fy goa tran dah 
Yoftum, Lutet. 17. mail, 163 : 
| + He was beſides condemned to a years im priſonment 3 in n the inquiſition, and the 
| penance of re Emin daily ſome penitential pſalms. 1 „„ 

by LE was born in 1560, Galileo in 1 TOME 7 IQ, OTA Ne 


He 


our. PHILOSOPHICAL DISCOVERIES. «x7 


He conſiders natural Philo ophy as a vaſt pyramid, that 
ought to have the hiſtory of nature for its baſis ; an account 
of the powers and principles that operate in nature, which he 
calls the phyſical part, for its ſecond ſtage; and the metaphy- 
fical part, that treats of the formal and final cauſes of things, 
for its third ſtage, But as for the ſummit of this pyra- 
mid, the ſupreme of nature, opus quod peratur Deus a 
 prencipio 5555 4 finem, as he expreſſes it, he doubts if 
men can ever - attain to the full knowledge of it. The 
philoſophers who ſtrive to erect theſe by the force of ab- 
ſtract ſpeculation he compares to the 3 of old, who, ac- 
cording to the poets, endeavoured to — mount Ofſa upon 


Paws and Days upon . | 


An artiſt, ſays this noble author, . exp ole himſelf t to the 
juſteſt cidiculs r in order to raiſe ſome dee obeliſk, ſnould 


attempt it by the force of - his arms, inſtead of employing the 


proper machines; or if; after finding himſelf unequal to the 
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„ 
” 
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_ he ſhould call for the aid of more workmen in the ſame 
| Would he appear leſs mm if he ſhould next ſet 
. * chuſing his men, and examining them . that 
he night employ the vigorous and robuſt only? or if, after he 
; found this was to no purpoſe, he ſhould then apply himſelf 
to ſtudy the athletic art, nd learn to compoſe curious oint- 
ments 2 ae their limbs, or conſult learned phy- 
ſicians, who, by proper medicaments, ſhould promote their 
and vigour ? Nor are they leſs abſurd, in our noble 
author's judgment, Who labour to interpret nature by the 
orce and ſubtlety of genius only, tho they ſhould aſſume the 
aid of the acuteſt men in the ſame e and carry- the 


dialecticks, or the art of reaſoning, to the een be 825 for 5 
this 8 
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dan bo collect the biſtory of nature, he compares 
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The empirical philoſophers, | thoſe who have no | 


ny — 


who gather the grain and lay it up as they find it (unleſs it be 
true, as is reported of them, that they firſt take care it ſhould 
not germinate or hecome ho nel 9 W N s to = 
ders, who form webs from their own bowels, 
in;their gerial flights; while the bee ee 
a gathers the matter from the flowers of the field, from wi 
with admirable ſkill ſhe makes her honey, is che emblem of 
the true philoſopher; who neither truſts wholly to bis own | 
_ underſtanding,” nor contents himſelf with record ng the matter 
with which he's is u from natural hiftory or me 
xperiments; but, by reaſoning ſkilfully from them, 1» 


* 


3 


forth truth and ſcience, the great and noble production of the 
human faculties. From the neglect of experi ents. it aroſe, 
that while nature was infinite, natural knowledge was at a 

| ſtand for many ages, and chat the various ſects wandered in 
the dark, without kindling any light to guide them, or 
ing any path to conduct them in her mazes. But, from a happy | 
| conjundtion of. the e erimental and rational faculties, Lord 
Verulam conceived the expe ; 
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| means, without the 
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N ill applied een thought or maintained th ä 
8. be can fearch too bar, or be too well ſtudied in the boo 
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cc Gals word, or in the book of God's works. But rather, 
*:heradds, let men awake themſelves, and chearfully votes 
$:v0ur; and purſue: an endleſs progreſs and e in 
both ers ve them beware leſt they apply knowledge to 
166; to charity, to oftentation, not to uſe.” He ob- 
ſerves that a ſupetficial taſte of philoſophy may perchance in- 
line the mind to atheiſm; but a full —_ ght thereof brings 
to 9 ib the entrance A y, when 

the ſecond: cauſes moſt obvious to the { ſenſes offer themſelves: to 
the mind, we are apt to cleave unto them, and-dwell-too much 
upon them, 4 as to forget what is ſuperior in nature. But 
en we paſs further, and behold the dependency, continuation 
and confederacy of cauſes, and the works of providence, then, 
according) to the allegory of the poets, we eaſily believe that 
the higheſt link of nature's A aha cabtnba font 
of Jupiter s chair; or perceive That philoſophy, like 
4 Jacob's viſion; diſcovers to us a ladder, whoſe _ eaches 

off bp to the foorſiool of the throne of God.” | wi 1 
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K wk appeared * to 1020 


The rifurelion philo 
Bacon,” not from want of eſteem for its author, whon 
ways uſe ed to extol; but becauſe 1 ſeemed fit for dif] putes nad, 
and ber cure of producing real fruit. Aristotle, Fu. ſaid, had 
ſuited his phyſics to his logic, aiſles: of giving ſuch a kind 
of logie as might be of real uſe in phyſics. To ſupply this 
defect he compoſed his zovu7 organum ; where his chief deſign 
18 to ſhewy how to make a ”= mnduftion, as Ariſtotle's s was to 
h how to make a Hllagiſm. Had the philoſophers, 
| Pronto Lord: Verulam 8 hikes adhered more cloſely. to hi plan, 

their ſucceſs had been greater; and Sir Iſaac Newton's philo- 

ſophy bad mat Joindithe kearted fo full uf ejudices againſt it, 
in favour of ſome ſyſtems lately invented and mightily ex- 
p wed vY {peculative men ; that while all admired the ſublime 


. 2 port RI geometry | 
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Seren. which Guts throught his ny Aol r . 
time appeared to 3 to hearken e e ee 
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. However Laid Pm 8 aten Pay mk bad a 
d ef experimental philoſophy has de — 
more eee bre Js time than in any preceding period 
Geometry and philoſophy advanced together at a great pace 
and gave mutual aid to each other. The evidence of geo 
began to take er in philoſophy, while all things were 
examined by number — and meaſure; and the Pein | 
was the theory of motion being now Clearly u derſtood, 
| metry. Galilo had ſcholars man of 10 great a maſter, - 
whom the gravitation of the atm ſphere was eſtabliſhed full, 
and its varying preſſure accurately and conveniently meaſured, 
by che column of quick -filver of equal weight ſuſtained by i 
in the barometrical tube. The elaſticity of the air, by which 
it perpetually endeavours to expand itſelf, and, while it ad- 
mits of condenſation, reſiſts in proportion to its denſity, was 
3 men OM of a new Kind 1 8 common e 8 no 


accour warf in an e. manner befo 
tim 5 ry ſeem 'd as if the _ y—_ n in which nen 
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Wy The views i; lden a now to 4 mightily « en- 

larged, not by their diſcoveries concerning the air only, but 

likewiſe by their enquiries into the more potent element fire 

and its 5 Fam and into the chymical compoſition, reſolution, 

and changes of bodies. For about this time chymiſts began 
ſpeak more intelligibly concerning their art, and to connect 
it in ſome degree with natural philoſophy, or to conſider it, 

at leaſt, as not quite foreign to it. This we owe in great 
5 mean f to the honourable Mr. Boyle, whoſe favourite ſtudy 

chymiſtry is laid to have been, nes who was happy in 

umiliar manner of OY the en which 


that none ever ; took IN great pains to pro- 


or the beſt, im- 


ke hw: Aka ware thi he was. ns whe FI year that 
Lord Bacon died, as if he had been deſtin'd to carry on his 
plan. He ſpared no labour nor coſt in collecting the hiſtory of 
nature, and making curious and uſeful experiments of all ſorts. 
As Lord Bacon's plan comprehended the whole compals of 
nature, ſo the variety of enquiries proſe zuted by Mr, Boyle, 
_ with great care and attention, is very ſurprizing, and perhaps 
not to be parallel d. Hydroſtatics, tho a moſt uſeful. branch 
. mechanical p hiloſophy, had been but ill underſtood, till 
eſt⸗ abliſhed its principles, and illoſtrated 1 its paradoxes, by 


r 0 experiments, in a ati. factory man nee. a 
The doctrine of the air afforded him an-ample field; and, in 
"ll his reſearches, he a a genius happily ae ae 


* re with a pe _ rer and a regular 


5 out oſtenttion, the errors which phiolghrs had been led 
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Ron of advocates for it, who ſhould: mak 
po ee, ee not ft his diſcoveries wh © or 0b: thoſe 


3 2 mar N e muſt 
_ allowpiwpas mor] an ornament to his own age and rere 1 
| but a publick enefit to all times nene. bl 314 tr 
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Me are now W at the koi zra'of e perin . phi 
| een when men, having got into the right path, pro- 
ſecuted uſeful knowledge; when their views of nature did 7 
honour to them, and the arts received daily i improvements; 
when not private men only, but ſocieties of men, with united : 
zeal, ingenuity and 3 proſecuted their enquiries into 
the ſecrets of nature, devoted to no ſect or ſyſtem. But we 


iged to abandon, at preſent, the agreeable. taſk of fol- 
lowing them in their diſcoveries, in this flouriſhing x period of 
5 Fa to give account of a moſt illuſive ſcheme of ſpe- . 
culative philoſophy that prevailed amongſt many at this very 
0 1 nd, by miſleading i ingenious men, OE LORE no- 0 | 
"0 Biss Uſefulneſs of Natural Philoſophy, part 1. eſſay 3. wit 2955 1 
i tions 


Cu. 2. PHILOSOPHICAL DISCOVERIES. 63 


tions and retarded their progreſs, It ſeems that, however 
fertile this period was in new inventions, nature did not unveil 
herſelf readily enough to fatisfy the impatience of ſome 


men, who could not be contented with thoſe views of her 


which time and induſtry produced to them. Therefore they 
 hearkned again to the vain promiſes of thoſe who pretended. to 


unravel all her myſteries at once, by the force of their abſtracted 


Nera The Cartefian ſyſtem was the moſt extenſive, 
rding to many) the moſt exquiſite in its contrivance, 


dul ge which) he retired from the world for many years. He 
alued himſelf on his clear ideas, and is allowed to have con- 
ib. rod to diſſipate the darkneſs of that fort of ſcience which 
prevailed in the ſchools. If we may believe ſome accounts, 


"ber e rejected a void- from a e to the taſte which then 
prevailed, againſt his own firſt ſentiments; and amongſt his 
familiar friends, uſed to call his ſyſtem his philoſophical ro- 
mance. It had however great Bad ; and his doctrines ſtill 
prevail ſo much, that it is aten fog: our ar purpoſe. to give a 


ſhort: account of them. 
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that have been imagined. The author of it Was a 
iloſopher, and doubtleſs of a ſubtle genius, to in- 
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Which we are intimately | 


g the idea of a Being infinitely per- 
85 he concludes that eres 955 Being 


by neceſſary ſteps. It is clear, 
the beſt method in philoſophy, i 77 m our knowledge of 
Deity himſelf, we endeavour to deduce an a expleation of all; 
works z 3 that ſo we 1 acquire the | 
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___  "$According to. him, the Deity did not will chat the. three, angles of a triang 
ſhould ual to two right ones, becauſe he knew that it could not be otherwiſe z , 
he would that "—_ three” * of 4 Tak Thouldneceffatily be vet 
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_ ſcience, which is that of effects from their cauſes, As * final 

cauſes he rejected them from philoſophy, as we obſerved above; 

and from. theſe paſſages, which repreſent the genius of this 


author's philoſophy, and from the manner in which he ſets 
out, we may * form ſome eden how W his 


” Pj was. 


m 8 4 veracity of the Deity, be infers the 8 OY ma- 
terial objects, which are repreſented to us as exiſting without 
us. He places the eſſence of matter in extenſion; for this alone 
remains, he ſays, when we reject hardneſs, colour, —_— 
heat and cold, and the other qualities which, we know, a 
body can be without. Hence he eafily concludes that there can 
be no void, or extenſion without matter. He adds, however, 
immediately afterwards; as properties of matter, that its . 
are ſeparable and moveable; NE theſe ſeem to pet more 


N than mere extenſion. 


147 


1 Iefines x motion to by the 3 &« a 17 0 om 
1 "cis Dh er of other bodies that are in contact with it, 
and are conſidered as quieſcent, to the neighbourhood of other 
bodies; and thus makes no diſtinction between abſolute or real, 
and rela tive or apparent motions ; both of which equally agree 
to this definition; The reaſon he gives why the ſame quantity 
of motion muſt be preſerved for ever in the univerſe, without 
any augmentation or diminution in the whole, muſt app 
.. conciſe, and very. extraordinary. It is no other than that God | | 
g muſt be ſuppoſed to act in the moſt conſtant and immutable 
manner. From the ſame property of the Deity, he infers that 
a body muſt continue in its ſtate as to reſt, motion, figure, 7215 
sc till ſome external influence produce a change; - Which is 
his firſt law of nature: that the direction of motion is naturally 
1 aan, or that a e never changes its direction of itſelf; 
| K Which 
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cms body along, end deſes —— Ars 
and this is his third law of nature. He accounts Ser che rt 
neſs of bodies from their parts being quieſcent with 1 81 to 
chrorher; fort nidity, from: weir bein nieyedlp 
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— chan“ ſuch an attempt, to deduce, by neceſſary con- 
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ond clemen „5 here the Circular motion is greateſt, and 
py haye \returnd 4. continually at the poles of this motion 
towards the centre of the yortex, 31 where: being apt to cohere 
together, they at length produced the groſſer particles of tlie 
third,; and; when theſe came to adhere in a ene quan- 
hey. gave. riſe. to the ſpots. on the ſurfaces of the ſuns or 
ſtars... Some JCIND pie over. with ſuch ſpots became la- 
nets or comets ; 5. and the force of their rotation rd an 
guid. their vortices were abſorbed by ſome more pot tent neigh- 
yo vortex. In this. manner the ſolar ſyſtem was formed, 
te of the lecondary 1 having been abſorbed by 
the primary, an 
fee contend chat che parts of the ſolar yortex increaſe in den- 
wy but 1 * e to à certain diſtance; beyond 
in celc city as, they axe farther 4 ny the fun 
; e upper ae of. the vortex, he places che comets 3 in * 
_ „the planets; ſuppoſing thoſe that are 
af ni ofthe VORteK: wha they arg.catried Wanlo, ma 
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A ccnrifugal force, much in the lame manner as a 
| that is immerged in it, and fins 
He pretended to explain the 
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would produse the Game .celerity in either of them. When, we 
compound greater bodies from lefler, or W when we refolye Wen 

n 1 we find, that the reliſtance r inertia incteaſes 
| tion to the quantity. of matter. There | 
is given, 1 8 


cl a body moving in a denſer 
fluid, difp eue more matter. to make way for itſelf, the I - 
ſiſtance which it meets with being equal to the motion Som 
ated: to the parts of the fluid, it muſt find a rehiſtance 

| nally: aer. MR c teeth. SS {IEEE 5} . 


och bo 


* 
8 


* 


8555 1 apy 4 I; | , 


+ | 


It is not only Gras the frog: motions 11 oh. planets: oh and. comets. 
chat we learn the abſurdity of the. _ . an univerla 
— moft .. com uy 
motiofts of botlies, at or near the ſurtac 
fieient to overthrow it 5 for w 5 d. dney mee et W | no. 
ſenſible reſiſtanee but from. the a air ;, wherea reas. ſo denſe a fluid 

uld: repleniſh all ace equally; ould. ecellaril ly. produce: 


— — Ss 1 


e 


5 "A . 7 -< on 
* —_ 1 4 
— — — — 
3 — — . — 

* I F yes a * > " = - * Der — — - _ 4 . 5 n - — 
1 — 18 NOR r 5 n Ls aa r P oa > 2 Rn gms = 
* pr 1 * — — 2 Fr r —— - — N 

- * rr _ + 9 pg — 4 5 7 r p - + __ SS l 
— — : — — i —— —ů wy _ * 5 * g== — 2 
- _ 
ws RR 


29168 


| 221088 
and plain phanpmena of the 
N. NON 112 591 12 


3 

. 

n K 

— 
r 
r - 


— 2 — y — 
SA EI KN 
a, "ts n 8 —*＋ T —” yu 
eee a eee e 
r 


— — py 


Res it Tes 


Te Rn at — — os 2. W. 2 
e e <0 ages bv Ec oy 
6 RAT ern 8 
2 2 — + Mon 


1 N . . : 
| 3 22110 pa ** Brad 71 1 5 


* 


* | £2$+ ES 1 


1 
a hh " 
; g 4 7 * 
5 . 
= 4 * 


— 


ers Wr 


n 


3 4 ” 
2 2 
CCC 
— — AA Are et ohne 


7 


— 2 


— — — EINER — 05 (A — — —— 
* : . 
—— 
— 


enfity 3 fob them the. W 2 meal 
ty of the fluid, becauſes they mu. uch greater art pal 
of the body in motion, freel 7 8 re= 
In in g this to be admit tred, i 1t 9 of Re ever, 0 ob- | 
| vious) that, Event in 1 * hypo theſis, the 8 iſtance of a gelden 
ball in a plenum would be ſtill very great. For this ſubtle egal, 5 
bew ee ſbever, it be, . muſt ch the ſolid 15 a: 1 f ; che 
eee eee wen 


i , 0 5771150 | F 1125 15 748 . ff 35 7455 


79) 8 1 4 A & NEW. TO Ns Boob, 


"IM LD without diſplaeing ib 
* and bing * ach motion. as, ut $a 0 e work of 


f er 95 2 On, * a quantity, of the Gala, 
i EY ual bulk, of the quick. flyer, Which muſk be. 
86 maße way for the ball. Rd being leſs; than the. 

y 6 "Big Bk in an cr bulk of. the pen Tent 


% - 


MU 2 geeks 
uick ver 


. nun „ with . 
* 2 CJ, 1 33 | 
1 ſpace: ;' and. then ſup 


Wes — this oy 
heren, as, 595. | 


al! diſplace a certain 
5 3 15 ney v equal, ot eee 
10 ye Sp an g 2 


<us.exen füppoſe it : as ET ef ance 4 | 
planks mg while | ir, moves. in 1 4 quiek ſilver, as when it m. 
; | a. wy | . fre | from any: gros Aud. 5 yet Fin kills buen 1 

e tefiſtan. cas the golden hall in the plenum ought. to beat ab, | 
ns rd ney its reſiſtance in quick; flyer _ he. | 
n. lity of 8 Id is to the ſum of the, denſities 770 d and quick „ 


F. Aba IF 2 7 3 140 1 wo LI A | IL 
FEY ul 346% 806 confecuennly oa he en . 


Wy, 
16 g Pet ft er ww Age ns * ali mes, 


— kv 


k 73 
* 1 0 
# . 
A * 
5 
8 *. 
L 
* 
A 
: . 
1 
"A 
f 
. * | {4 s 
+ * 5 
* 


4 400 3] ö 4 Fg . 1 is. „ # 4 # c b a 8 


wn. 3. FT OSOPATGAL: PISOOVERSES. r 


times greater than its reſiſtance in water. xT is is che leaſt 

Teffftance ſuch a ball could meet with in a nme, Thoull we 
15 Mow'the fuppoſitidns that are moſt favourable in {Meiji 1 ; 

att this renftance would Toon put an ent to the rnetionsef 

bcddies: But it bs evident that we Allowed too much in Noa Fo 

f their doctrine, when we fuppoſed the ball moving the 
quick Alver to meet With a re ſtance equal to the ſum ef the 
Gftanc s that it world meet with *from' the plenmm: and quick 
pardtely. For, according to this ſuppoſition, its re- 5 
5 ck fiber would be to its reſiſtance in ad as 


| ld/and quick filver to the fom 
he tice of gold ad he 


er, that is, as a6 19/208, r 
To". I : ſo that the reffſtante f b he would n GA K be g 
dot Uble of that of water, ae uble of yt up air £3 
_ which | nothing « can be; more contradictory to EX PET 
T's of ih Took ta 
175 Fa 


* 


n — 
— ——_ 


—ů˖ů˖ — — 


— Z ————— EY — <0" LES n — N I" I " co SO © 
3 2 — — 2 3 2 g — 2 8 
. —— =D 7 2 ** * : — rr r R en bs 0 2" 22" -_ W * = " 
6 2 — gee ve. — - —— — H AAFS as —_— 


r 


—— met” whe 


Ce ee ey 0 Se SGT ant 


r 


eee 


0 ent) e F 


ane of mY 127150 fo 
argument bo W. T. 
2. 1910 


ver in cen wn. 
altere 6) ich Tppoſtions f 
the deity k gt'ts 5 Nt 4 
proper UE ar ent 1s 100 5 


II „e be fou nd that (che e a yg: Neg | 
Plenum (how Toever it p paſs throu | 5 7 rk Ec 
and 585 15 roe 'o: Mon oever theſe Pores 1 ma) 11 be) 5 
Correfpond 43 lg ſolid matter in the ball; w which! 's, 
: the lid matter in any equal bulk « of ; an * our 
0 d hell tefiftan e depends. T : ſuppoſing, 
the ſolid matter in the quick ſilver to occupy 7 55 the thau- | 
—fagdth or millionth part of its bulk, has no other effect but, 
that it top zofes the inertia of a | piven q uantity bf ii 7 matter 1 
8860 be inefeafed in the fame pr perde with N of he 
quick ſilver, whoſe inertià is in act eee 


4 '*) g N 9 2 
I . + A M 5 
«21 c 
Fu 
* 
# * 
* : 
5 F 188 . 9 | F* 4 : I N % + * 1 * $ * 4 LE G Pats $4 * 2 2 f * 1 * i 4 2 33 "50 Ty I % 
F, , N : . e * F * (1.58 q Vas 7 * þ * * 
N 8 4 . : a= 1 2 * 5 >. % y * 4 
4 . . 
1 
? | « 
1 
| | | 
I 
£ 
| 
. 
are att ribu ted te l NE 
* 
” 
2 2 ? - ; F ; | * » — 
** * - 
«* 2 2 5 J . 1 >} 1 
— £ Y - k : 
1 ir 1 #41 7 Sa * 4 - 2 * 3 * . 
— 
15 „ 
LD FA AI g > 71 : : L W 1 6 1 ; * 4 2 IS Pa 03 © + 8 0 5 2 
ME , . wy , i 8 — e U . OO 2X R 1 2 5 80 1 5 *. | "» 5 1 
957 ts Ft 14 . * 22 5 , pl 2 * * g 1 85 0 > 4 75 £ 4 5 ; ” : 134 . £ g ; . 5 7 : ; ; 7 
3. >. 1 . 2 . * 1 o * 8 5 "og. ? x5 * 4 4 F 5 bl 4 n ry > N N 5 + SW tot N * 
7 * « 
. 
* 
\ 
8 
* 
WT 
* 
6 
* 


"IDE 
* 


— 


- 
— 


— — 
7 


rr 
— 


[ 
' 
' 
| 
| 
i 
b 


— — es 4» 


r 


e 


73 
as it would be Fe fo 
e | iow Ko. To fup fe" that” er 
tin "all" bodics and "x | 


r ___ a 292 


4 


a 2 —— eg a TITTIES 


— 


or foundation ; ; or is bm giving up the 


nitz's arguments againſt a vacuum, we defer 


til ve come to conſider the emendations that have b een 


— o = % Cx 2 * 
3 * 3 * " 7 — BEER 
. *. * "v KA: 0 2 * * * — « 

* + 


— TT RERRLLS 


2 
Mer 


1 
* 


* any of motion is not always 
7  thliverſe; 3 as Der Carte. raſhly ——_—_ from che 
ile ef the Deich. The e nac 
an varying 71 it is Gnnilbel in the compoltion of 
tion, and, in many caſes, in the colliſions of b —— of 
pe ſect elaſticity; - and it is increaſed ir | 
ic, in ſome caſcs, in the collifions's haves wane 
equires an active principle to account for che hdrdidls of = 
S z | and the L — at reſt is not cient 125 this | 


5, in ke manner, able es 


n 71h} 151 A ii . £0007 


„ 


c 
— | w/w A > ATE 


e e eee 
W 


of 2 
* ebe A Te, wth. OO | 
FC . I PIs fe 40 
. * 1 — . * ” 
CO — 


— — e pore 
; - 
ow 0 
i ps —— 


— raret — 
— —— . — JT 3 0 4 
8 — : —— — 
: * . 
8 «<= . 1 Hr 
— * 5 8 u 5 
— is #2 < _—_ — —— 


difhrulties, q 2h} 30-1 
— bY << 1 5 - $345 5 Jy * * . . 2 | * 2 * 1 65 : Fs VEEEd 8 


1 3 > Sg 
WIS 34 


* 


% +4 


1 
11 
14 
| 
15 
| 
| 

— 
| 


— 


pee 
So * "I 
* 
- 


Ys 4a, 18579 9 N18 d. Ane oe, —— 


find 5 the Lite Wend. 2 Bi ther philo 
that they were able to account for too li | 
Ga aries finds t at his principle $ 

count | for all by 0 Yo 
account 5 too de Therelore he rſe to the ph 
dae would prove any thing from them; 
that we ſhould not have ſo mean an opinion 
as — imagine he would eſtabliſh it on facts; 
upht be able to determine his mind to conſider 
gef thole inn Ef erable effects, which he jr dged might pro- 
„kom the ſame ca uſes, rather than others. He like: 
e 5; at Her ce might br tr 

7 principles, mah different ways; and that nothing: per- 
plex of R more D know: which of chem e wh 
nature. In thoſe 4 * he magnifies his priticiples, in order 


ena, and Bra 5 to fear left he bund 


18 © 


d ap 


| Q 20759 345 51918 : | ty 
eat. make, frei vide ee n WR UW OFT. 0 


1 858 Sac n 5 and sg, n ene 305 3 4 einen 
r eon nl 5 Silos ils Soft ü G Tut Tri! 5 


LE | +3 OS . * 0 
[HD gn 0s Te: 


3p dh Hag 631 ing + 297mg pat- 4151 * 7 NON Enn oi nd 5H . 


by. ng kgs 


1 


t ode was AW; co Ces, 
"tis not « es eee 
ate not oh to conceive” that 
that there ever Was a "time. When 
e al EI extenſion alone 
2 * bete e 4 fi 


5 
& „ l 


# Pg x 


, 
f 7 4 1 
, : > 
* "oY wn; * n . e * * #3 „ SDS. 21 
I * 4 8 1 4 
17 * * 8 7 s 1 4 
: * 1 x," 2 [3 b / p 
$5 x ; 6 
„ 3+ 3.4 * 7 3 
14 
4 . 


the w yeaknels of F yitem, with a an aalen that 


1 emen in, ex- ö 


Matter is not only indir 


and indiviſible , 11 lays he, 
Who xeject the ag iy, — 
bt 3 0 divided that 
ee e uy — of: 2 as. e fince of thi 
e are really. diſtinct from each other, the one can 
, main in its ſtate without the other. 


wh one part 4 nr Way anpih 


ſo rcp . 


De. 3 — Em e 175 
zdectrines, were Katte fr 


| 38117 1085 5B NE 1101 Vl 


Cumin igi 


- -1rnoſttiss 


- VACL 


ctr, 


—— 


expat decrevit. 


Roh 


in nati 


| y ele Ol. 2 

| Te 14 rom theſe and: other 
1 wr doctrine of Des Cartes,- L 
: a It muſt be owned, hi 5 
; rr. xorjeluſion | 


5, if they 


and 


cannot 


i e 


non 


1011 4 217 


| 150 


| Ad hoc —— urgendum | 
um philoſophv=Reyates Dex Cantes magna 
la. . 7 :, map es 
e 93G 208415611 idm vinsnitng '$19 Luz 


75 . 2 
5 Nt 1A + 3 


— 


2 1 17 
"offer divid lag 


pears; t 
- efſen& 


ORE FLY 
principle: '" 1. . 


8 


— -PHIL.OSQPHIGAL, DISCOVERIES. - 75 


ary, but alſo that it is one 


be denied by thoſe 


xd, An 


8h 4. m. this ſou QuIee,,... Stor) al 
N 


od? 2 8 4 
this author was 


of matter is Saltitate 
many of the CH f endeg yo,] to 


1 1 e oy 


no find 22 with Bos Cites for aeg 


ork, 


vac ; for if matter could 
hould be. 5 fig, why 


remain 


CO n- 


pw Jn 
an 


In another c he 


"bY 10 
4 . : 
I 


Ama 


| * Hehe 
91136 
be redest gelten, 
quis! ut ante; mer ſtrieon- 
Hum quæ 
e 


ſed om nes TEN ina concurrere 4-04 ut 


2 5 1958 N by 


we extenſion. 


widtgle 
and had * 


3 


1 philoſophica nobiliſimi et 
Wadinmentg. Hiper. oper. 


IH Higinll ITE], 2; Lin 114 
bx 11185 'ON'28 neon Flt N int 590 511 As 
4 9912436 n Eoin 241 4 O TU ee, 


3 in mel Nney 


1 
—ꝛ—U — — — —— ey * * * — % 2 
POR” ODT oc TI Soo NEE a - CO — — ps - 
N. * 9 7 * 8 — 79 — 1 


3 \ EG" — 
— n — U—U—Aͤñ4:̃ ors 
— * 8 nn 
rr. ISR —— VT 2 2 


” Re NEE na 


—_— CS 


_ — — 22 7 2 
PO EET - — Bo LES EW — < * PRO ns ts yo 2 = gn au SG 
: 6 1 * * 5 * 8 — = ; 7 * —— — —— 2 bet 288 2 - . + 
Fr — 7 11... 2 — — — OE : Ade — 
— —— 4 — Pre ** —— 21 = a * —— dh = — — — - ů — — 


> Rv. > 
rr Foy ol euro Bo 
CE > 7 — pn - 205) wr HA) ww Re 


r — 


Le, — 


— —— War vs 32 — * 
— ü — ee oommogages . 
mi” * 


eee eee 


IR 


. 
— x - 46 : . 
—— — — Og —— — . —_— * 
n 


——Iᷣ 2 


6 „ - 
= waa A A LP res we RITES 
— 8 — 2 
e eee 
Ga 1 OGF oe 2 Rees 


er —— 
N a in 


] ꝶͤ m: noo PR ot es 


) Do Gare Py nes all TIS 


* 
* 


the fun, for. giving kehr. 
onfulzon, 


s J 
10 aram et 


Veram habere N — ny bo — te 
d maniſeſtum: e eee 2 a | | 
— quo ſane ä ef 


2. 2 Ni dn 25 4811 bn e 112 £34 SEN 


* 4 4 7 
7 5 a 
2 7 * 83 þ 1 — * 
77 * n *. - 
3 yo * 1 > 
I 
- , 8 » 
n * * 2 
"3 : : o ©", « Y * J A 
„. M / 1 as - nar ur - ; 5 W b ok 
* * * * 
4 L * f * 1 , 
* 
2 * e 


. Us jam preæfhrum habere, e 6 
FL ha nifi Summa a 'Ggmenta;: non opus: eſt multis, &c.... Hoc adhut 
addam, nempe any rinam naturam omnino evertere. Append. yu 36. 
ins I. Ethic. 


« 5 5 : \ £ 9 4 
* 1 f F 
” : N a x , $x...3 1 : . Y 
* s 4 ; 5 : 
5 , - : 
” * ” 
8 x : . ; 
-— > * 


TR v by 899 
5 o MM 2 n SD 


- 


del. 


%. 


* 


PHILOSOPHICAL DISCOVERIES. 35 
ways in it unalterable ; ſo Sp;neza repreſented it as infinite and 
neceſſary, chidowed ale a Lich the ame qu ſitity of motion, 

p reſſion J havih a fame 
it, and roceeding 


cart, 4 na 
„we may! winch of 
in i a and p t 


ef chung e. out i 
; 2 manner; while boch f | 


3 


Htems from the clear or true} 
had, "of —— {Te 068 and dee e 


10 e 
"we hl the 67e w. 


ay 
8 * 2 
4 
* 


5 — 18 bur Sr 


Der Carter the inipious N 


* our eier Ya Newt e philoſophy, 
125 * . | 5 enen 61 'F : 1 
Ao 


wy 
* 
* 
ties. 


vac N that, inſtead of an 


1 4 114 1815 5 It a 


diviſible; plenitide; matter kppea A r bu 4 very im 
portion of Apacer, and hans! its ts parts actually divided and ſe. 


2 tc i , 26} 1998 Fork Feet AY ; aps by An 7 +1 b 


2 Ga A te 
11 N eum 285 es TLat%.; u 49 4 . 4 ins 6.2 0.4.cbs 4D IL PD aa; 
* Omnia K —— et ab invicem determinantur ad 

certꝭ ar determinata ratione, ſervatà ſemper in omnibus 


2 toto uniwerſo, cadem- tation trotus ad quietem, ie 15 — 


Corpus motum vel ad motum vel quietem determinari debuit- 20 40 
£drporeg:: quort etiam ad motum vel quietem determinatum fuit ab alio, er illud 
itttum ab e _ ininitum. e part 2. prop. 130 lem. 3. nt 2 l 


92 £0197 Sasch. 1901279 ie Huhn enen 26:47 * . $4009; Paſo 


e | | | | | Th x 1 * 11 


rr — 


ww. 


8 


e ee ES AEST — 
. — —————————————7ðè˖⅛˙ —— — 


* 


' 
' 
15 
1 
af 
: 
* 
1. 
: 
1 * 
1. 
. 
* 
1 
7 
„ 
* 
0 
* 
1 
13 
2 
a 1 
U 
* 
4 
1 
4 
TX 
4 * 
1 11 
: 1 
8 I.! 
r n . 
1 
: 
# i 
Wy 
Aa 1 * 
1 „ 
_  : 
: ( 
[ 1 
1 
I L207 
G i 
13 
IS! 
bd ; 
4 : 
* 
5 
7 * 
0 
1 
Xx 
l 4 
: f 
1 1 
1 he | 
* + = 
1 
' $578 
1 1 
= 4 
MF! 4 F 
* * 
I * by | 
11 . 
33 
K "57 
53 $7 
17 8 
=_— - 
. 
Ed 1 
4! no 7 
: 12 
L FH 
: $. E 
. Ih - 
HY 3 
* # : 
: . 
at 
11 0 
14 - 
SE 
7 . 
5 
1 
: 1 
1 
\ : 
14 
- 2 
11 
i 
1 
A 
4 
q Y 
> 0 
2 
b: 
(<8 
19 3 
1 
05 1 
4 5 
” 
4 : 
__ 
= ; 
i 
1 
5 
if 
4 
1 
2 
4 
1 
p 
-. 
b 
T: 
\ 
T 
x 2 
. MAY 
4 
1 5 
: F, 
- = 
l 13 
: : 
m4 
= 
339 
7 t I 
: * 
-N by 
; x 
: 
$ 225 
N 
: £ 4 
1 1 
4 2 
b 28 
I 4 
2 
* 
1 13 
4 
ö * 
7 7 _ 
r 
j s 
3 
N + 
i 
* 
: 
9 


f 


3 


N 
* 
r 
———— 


r 4 
nern 


* ů ů— —ůů —ů ——— — * 


— 


ne l 
— 3 er UII 


— 


N. ad Wer ee e deb 


V AU Hels bar 11 EN 50 Wire 1 1 Bob TN W 
oo It yould ;be ticular 


be of 220k 


foundations of harythl re | 
| liegen, wn be h | that can ate wot 3 Je 
form. 4, that, no perſon 2 75 25 55 mind eke ee in ku 
giving into it. He retends, „indeed, to proceed 

yle; "but while he afſvines 4 


metrical method and 1 
4 1 Slag e i wh 


of 5h gh 


Fo Eat not 


Vos 8 l Thos 8 105 ae e 55 nds; 
1 nd Mes Fit. and pat Fs oi. SITS. * 
4 ph} TI "wg Fries 

— 1 U 9 {Mt 24 W 1 41001 


12 8 
rds of 1. Bol in de dt xpdſes 
WW This ag the wont of ery. cleatly; ie Soles whe ad- 
verſaries wa able td have operturned it. Oum view, in giving: ſome account ol 
dens not only to ſhew. the abſurd conſequences to which Des r Cartes's ide 
but ke r dere ee Ae to its"ſource (for the 2 
have been miſled} into a favourable eee ther than the Car- 


teſian fable; ef hich, md 4 A "j e 1 Da difproyed by $ P r Jfuas f i 1 


£5 hers, , | IM, 1444 Us 
: 5 80 Nil 5501 Tous * Wal T's . lia x Komori 


agen dee being ansld Tenth 517 % Hort The 
11180 1 | \ on 14 


ms 


105 re eh 101 itte EN at 


ee lhe beds 


gun. PHIL HDL DISCOVERIES. 79 


4 & Cartef an dodrine "OR "HOO alich altered, and variouſly 
menge 


„ ſince it Was Hirſt Propoſed by its author; and, for 
„Hundred years & 6750 many g men ale been 
akin their utmo efforts to 125 2 up; and ſupport its 
by by reforming firſt one part, and then newemödeling 


LES» 


an ther part of this extenſive ſyſtem. But the foundation is ſo 


faulty, and the whole ſuperſtructure fo erroneous, that it 
were much better to abandon the fabrick, and ſuffer thetuitis 
Ps remain a a memorial, in all time to come, of the folly of 


* 
* 


AL pe Ae de and ee 585 F in gruiviy 


I ? 8 „ 1 
F 4 133 k + S | 8 4. 110 
o LL <4 4 "IS - 3 % 1 5 1 14 of * 181 
N . INH 1691 4211 
*% 


ide 150 Free, 


E * 0 Si jag 40 


35 
cla e 6 
- Page mrs "gf" 
1 i 87 

con 


11 


Hed," 
4 4, accoynt 5 'revgfutions'}” er Bo 
rom... t 6d alle of this ethe1 . Nat did he the | 
121 E circulation of the ether CbuId be f. 


f ens" r Won l the 
4 


m. The ai 0 
| ny en ee 


cen, 5 * e gn 
_ diſtance. from the fun neten e, and this-is- What he calls. the 


harmonical circulation. If this law. took place likewiſe in the 


11 | motions of the. different planets rorpared together, through- 


1 — N Out 
* Ta . 
1 
56 ; 
_ 
..# 
— — 
\ | | — 
4 R 
ö Fc 3 * 2 1 
1 
2 ö 
Was 35 : 
» - * 
ry 
1 1 
* — hy * 
* as 
bl 0 Ws; 
* . þ mY v4 "7 
* * 
2 FR Shs 1 > 


og me.... K ̃ͤ¹ͤ-u- EASE Eng ns 7 — — . ̃—AM nan 7 444 - : 2 
4 P ͤ— Re Sir WE An Bane e — 5 2 G " 
I 2 ” * 
A — 1 * 
8 —_ 3 — _ — — aw * 
TREE ANT n P ä . 8 8 r r — ²˙ qa ett — D FI . A 
5 5 << * 6 EY 5 Eb ** . 7 1 7 n. oo 
22 Fa uy N . 22 258% n ——— be — — 94 — 75 ——. 2 * * * 
* 1 | . — 5 oo CEL; Eros © _ 3 3 a * | 
- 75 — av £70 ng f3 acer was o * — © A nit . — and A 94 — —— — — — — n 
$f ond 


frm. A ane in their re- 


f 5 2 ; x a I ; ag $53 WS BJ 5 4 "WER a © : EE.» - | 1 , 
9 ROOM OS MF 85 . , FP eg ö N ; £5; th N CS n CF £ « FTLE. AH 4 
e 1 5 69 0 | &..3 N o 1 10 121 N 
4 ety 0 K n n as its 
1 N 3 * — 8 3 thy 2 


1 


out the f lem, ths deen FP their holes 2 along” 


wich e objeatating ether, might appear more tolerable : fu 4 _ 
velocities of the plancts, at their mean diſtances, deecreaſl 
e e proportion as the ſquare-roots of the numbers which 
thoſe diſtances e the ſun. Neither did he ſhew 
— to reconcile this circulating motion of the ether with the 
free 1 of the comets in all directions, or with the obli- 
40 80 ſun and to one another; or reſolve the other objections 
to > which this hy theſis . a x plenum and worices is liable, 
geen however, on 1 of Com Ages; chat t had 
ariſen concerning his title to the invention of the calculus of 
ien -4 x method of fluxions, he appeared with "vi 
armth againſt Sr Jaue Woot ology, and'place h. 
zad of It Fo needleſs to inkſt ales 
againſt 1 and 2555 e thai have appeared in in its Ice. 
is better . theſe, and to confine a ö oſop 


* of * HS 


ic 


i e. ths owe 


230 


the beſt that could poſtibly have been made. This | 
was very agreeable in all times to the philoſophers wh 
| knowledged a a ſupreme beneficent governor ; but the 
2 
| pointed. The ſupreme Being, according to Tiniews Lao 

woyes 76 Ge. Plato tau ught that the ſu reme a 
hy gy ge word ey ang all LE for the happi 


vl 


origin 


planes in which the planets revolve to the equator 


2 ; ; — 5 1 


L . "The folution of | is 1 was as what Socrates 


cluded the univerſe, upon the 2. to be a 1 10 work, or ; 


* 


JF 2 18 


= Spoons 10 
many, excel ent | | n 


F327 


ner, other ] 
_ comp dious; "I 4 445e 9 8 not 


5 433 


| 1455 mitte AS. Nece! lar y 


„ that were 1 * 
wn ſakes, but 
ecel] Fang of 1 85 $5; beſt. Mr. 
Fes bas wrote Fe great length in defence of this doine,, | 
and! 4 endeavourec to anſwer the © bje&tions, th *þ we en 
made a the n of che univerſe, Rot aaa 


plex. 5 a tons ogg 0 
Principles as the foundation 
| tha t it is br impo oſſible for a t uno 


e e ee 
ich, be 56 i8 the fou 
1 ” FSTRG WIS 7 * 


4 nes eererntywy 


4 


$5 3 


e Ce et n by vos — — n rr 22 r = — . 
— nn N - — ; | = . 
EEA RECLINER . EL 2 — 3 * . — l 
29 r * — 2 — an ERIE: ůJ—B— on ns han A 2 - — 


N 3 eta 


ny 1" man one, ge 


* 

- 

* 
3 


— 


REC SERIES. 
Wm * 


dra as y 2 655 „ 
. 2 rs ry on ns ng es 


_ > 
—ͤ——1— — — 


7 


. 


. 3s 1 
WI" 2 oth! 
Fly er 


. 
r n 
e e 8 


| 0 1035 nothing As A 
ng to | we m rg a Ry tion. from abſtracted 
natural philoſophy. From ip principle he co Ga, 

or. 1580 tl i 


7 5 1 e 


25 2 
* D "3g * f J 
= . = 
&-£ p 5 s — * VS 
- t f 
$8 c * N * . * 
4 5 £ £ » 4 . - * * $ 
- * «+ / : - 
ies 8 4 5 
1 - WE : * + . 
3 9 9 2 2 8 4 
P . 5 
i *. * dh 5 * 2 4 , df oh 7 1 
* 5 "Wo = 1 n 3 # EF % 
: | L | » 8 bv # 
2 > 
— 


; . 8 AY 1 : a #35 4 ttt © : a 
e prine le con ſnd ut faceret . 


 cohveriffe naturæ fs 


z eaque, 1 per nati 
| 0 were NaH, 


. 


. 
o » 
. 
- 5 EL ö 
— 8 | 
y 2 
3 * 1 - ere re ͤ M _—____—_—_ prog — 
— — — * „%: ———— —1˙ĩ ꝓä .. IO IRE — vv Pay eo By — * * | —— 
rr FN n N nr 8 
* ” . g e * x ”m_ 414 A > en OT N a 2 Cong: Is 1 
ate; s N —— — n ———— — = Av pln ye — 
. - - _ * * 


* 
— WI fer 


? 
1 
| 1 
— a | 
* : | 
C. | | 
4 * 
* | : £ 
7% Si. 
* 0 
. 


L. 


e A 


Wei 


— FYRO For the! Ang reäſu hö ute allo tejiQs"atorns, an 
Hach particles'of matter; ts each of which, tho“ div ißble #2 
knee : je "aſcpibes * i a wee, or active Und of Principle, 
in which,” Are FLY perception and appetites. 
ce he 1 Res in action or activity, or 
e reſſes it) in ſomething that is between actin Qing 
ly of acting. He affirms abſolute reſt to be im- 
belle, a _ olds motion, or a ſort of ifs, to be eſſential 

to all n raterial ſubſtances. Each monad he deſcribes as repre- 
= ile of the whole univerſe” from its point of fight ; and, 
Altet 2 {Roe one of his letters tells us, that matter is not a 
FF 1 fubft antiatum, e phenomene bien fit. 1 
. 75 Tt: An ED Sos bIT Ih th NN 7 
arines and expreſſions of a bande per who. 
Fupon his clear, and adequate 1deas, 'and ridicule 
is of he ag, as narrow, and founded on wn- 

8. (Thie Seren of truth is uſually placed in 

eptior ; but fone Philoſo hers ſeem tt 


£ . * 1 ” 
| 85 
1 N 
1 | 
1 


ang 4 gen 4 Let any than fe, 
| 9 5 e the divine lie | rty) & an be derived ; 


he is 

tha lly good, facher than wand ber hack 

arguments can upon him. His difficulty ſeems 

till to remain againſt the pantitfes of matter e all the pains 

he had Ls to lt, = them by his nonads ; for hs bow ſhall 
monads bern cles at ma =_— 


a : 
8 


8 
* 
* 


i | p 
8 * & 


—— — —— —ͤ——— é(V222 — — — — ls wo _ — * © * pa 2 
* 2 9. 22446 on N * 
* 1 q 2 * — oo 2 Þ — — pas 4, Us = 
— — —— . — — — 
— - 
* 1 9 
* - 7 


ey 
ea” 
* - 


* —U— ——— —— — — 


| : % # + ; 75 1 2 #404 
. * x 4 E 
, : 5 9 3.8 + 4 a 5 at > * 
3 » #* 5 E 3 1 * % 
7 * 7 * 4 1 bs 1 4 13 
4 NY 1 . 8 PET ons HE A 2 LA” AL de I 28e- oe S, * 
I 25 * i hy , . A P a „ 80 . 1 
&T 35 * 1 > 1 L 
4 ? » 2 * r k Ry "> 4 7 . 7 . 
4 N " : a *+ 4 2 Fe 3 - 8 44 - W 
7 g 7 * e $4 * $7 x7 3 1 1 14 5 * 93 . : ; 
Li 2 * "£2 I 55 . 1 S 22 n gs” * * - . 
Aa pl, I 1698, 8. 7 4 . * * 3 Ba CI 3-4 @ 6 re HRS 4+ . „„ * ns r 1 L 4 1 33 5 
oY / K p A . 1 


* A L „ 
4 * — 5 = 
L 1 1 * i ; 
n 1 | = 48 
; Fon ; 
A >». b ON jy, ; ; AIR 
* 
0 K K 4 
” 1 Y ” 2 A 4 10 3 ; * 4 
” * * * 
; : 
* 0 * 


ona. PHIBOSOPHICAL DISCOVERIES 83 


ings perfectly lik 
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9 yet theſe monads, as far as he has condeſcende tode- 
ſcribe them, a appear to be as incomprehenſible as Wir i Hts: 
tink nne, e or moſt occult Pant 
5 le makes great he of A Severin. bam 155 flects 
oppokite totixes on the mind, and of weights placed. in. 
ſcales of a ballance, or of powers acting upon the fame. þ 
with contrary directions. His learned antagoniſt denies that 
there is a ſimilitude between a e moved by weights, 
anda mind acting upon the view y of certain motives Ml becauſ 
the one is eittirely paſſive, and W 0h 5 is act 
upon, but acts alſo. The wind, be ons, is paſſwe in 
receiving the impreſſion of the motive, which is 5 nly a per 
ception, and is not to be confounded with the power of acting 
after; or in conſequence af, that perception. The difference 
between a man and a machine does not confiſt only: in ſen- 
Grier, and intelligence; but in this power of actin 4 0... > BF 
ballance for want of this power cannot move at 
. weights are equal: but a free agent, ſays he, when 8 ; 
per two pet ally alike W ways of acting, has * 
within itſelf a power of ehuſing; and it may have ſtrong and 
very good reaſons not to 1 IR. is e it is 
from internal conſciouſneſs I know any thing of liberty, ſo no 
aſſertion contrary to what I am . of concerning it can 
be admitted; and it were better perhaps to treat of this ab- 
ſtruſe ſubject after the manner of eee philoſophy, than 
to fill a thouſand pages with metaphyſical diſcuſſions concern- 
in ins it. But to * this ſubject, the doctrine of liberty i is ſo 
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with the notion of a moſt perfect Rang,” 


pt: in Bilk Wet 2 7 read} 
Sir J 20. Newton was of en that the fabtic p43 Mans! 
verſe, and courſe of nature, could not continue. for e ever in its 
preſent ſtate, but would require, in proceſs of time, to be re- 
eſtabliſhed or renewed by 2 7 ſame hand that formed it. Vet 
this philoſophy was e ate, by Mr. Leibnitæ as leading to 


impiety; and, which is very ſurprizing, this particular docttine 


was excepted againſt as having ſuch a tendency. He Nr 
that as a good arti made his workmanſhip as perfect as po ſſible 
fo it argued a want of power or {kill in the Author "of the 


world, if it ſhould ever require to be reformed or wound 85 6 


again. But Sir Taac Meuton thoug ht it altogether « conſiſtent 
d even more a; 
able to it, to ſuppoſe that he ſhould form hs 8 e 
upon himſelf, ſo as after proper. periods © del it anew, * 
cording to his infinite wiſdom, | To clude > the Deity from 
acting in the univerſe, and govemnr it, is to excl de from it 
What is moſt perfect and beſt, th ing of which 
. chani ons Ga. Such a doc rine could not Have been pro- 
poſed by one of Mr. Leibnits” 8. ſen i nents concerning the per- 
fection of the univerſe, if he had not been miſled by an an e 
| hre Torlneſs fo neceſſity and mechaniſm. QT Rn 197780) 
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1 of force and vigour remains always in it, and paſſes fror 
one portion of matter to another, without (undergoing | any 
| change in the whole. Des e maintained that the fame: 


5 quantity of motion is always preleryed in the univerſe. Spinoza 
called it the fame proportion of motion to reſk. Mr. Leibniz 


_ diſtinguiſhed between the quantity of motion, and the force of 
* my ; he owns that the former varies, but maintains that the: 


. 9 980 quantity 
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Ls ind as a perfect machine, ſuch as may continue for ever 
by e Ne laws i in its. prefent ſtate, is, that the ſame quan 
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eq a AY | 0 Sy they, band: with leſs motions,.. and there 
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ic 8 af 4 F are 
: Fr n. Atte becauſe of the impenetrability of their . 
i this author 8 favourite ſtyle, becauſe there 
| | BC one of. them > Fol 375 


According to our uſt 5 


E tion, from 9055 laineſt experi mne 7 
matter appears to be an ive ſubſtance of no 
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one of which has hitherto been found in nature. They ave 
| never been able to explain how this perfect cake) el from 
5 the laws of m chaniſm ; 3 yet, 5 to Men. re rid: 10 
nee ͤ—— . ˙ ůͥu rior 


1 he.” genius 550 this wad, of philoſophy a app cars © 108 e 
ſion o enidently, a from be a arts „ hiah have. been uſed ty 1 


ne." 


; ” 
#4 # } . . * 1 * G 8 : 44 
3 f VINES % ; 1 r 1 
4 . Fg 3 F ö „ 4 - ; f : , 11 4 8 ; by 4 s 5 f „ i 
* * , . — » } a ; 
9 1 * 1 : » 
3 A * 4% 
1 A * 


F 
i i 
\ : : 
i * 
; 
* 8 / 
| 5 ö : 
[ 
| i ö 
bo 
| 
\ % 
| 
| | 
\ 5 T7 
| 
i 
i # { 3 
Pg 
£ 8 * 
3 


Bait. 110 Stench viedoviaite 97 
id of the infuper rable objet Hons ag gainſt the vortices. To re- 
nove the difficulty a ſtep farther, or Ke involve the/queſtion i in 
obſcurity, new vortices are introduced in every weile {mall 
particle of matter. From theſe, if there be occaſion, they y Val 
deſcend into another order infinitely leſs; and fo on; for they 
_ expreſly Mr to take the ſame benefit from the infinite 142 
ders of i iteſimals, in philoſophy “, that is claimed by ſome 
late geometricians in the refolution of their problems, | | Thus 
{ds we obſerved elſewhere ) an abſurd philoſophy is the natu- 
tal product of a vitiated geometry. For the it + Follow fron | 
ur notion of magnitude, that it always conſiſts of parts, ane 
is diviſible without end; yet an actual diviſion in . 
abfurd, and an infinitel) little quantity (even. in Mr. Lejby ifs's 
udgment 5) is a mere fiction. Philoſophers may allow th 
108 to imagine likewiſe infinite orders of infinite y im 
ticles of matter, and fuffer themſel es to be tranſported wit 
the idea; but Heſs illuſions are not ſupported By ſound ge 
metry, nor agreeable to common ſenſe. Alter all el 1a 
— Bid for the vorzices,' there is not one experi 
them; and Tome of the moſt c common an 
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hard and inflexible 
bodies. According to what they cl 168 mg fi of continuity, all 


| changes in nature are produced by infenfible and infinitely ſmall 
degrees; ſo that no body can, in any cs caſe, paſs from motion to 
relt, or Ge reſt to motion,” without paſſing through all pol- 


— intermediate degrees of motion; 900 3 10 5 ** con- 
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chey made this am univerſal law of 1 nature Tho in common 
— ar lily ,ounded of particles that art 
 Hemſ ompounded of: others of A 3 0 order, an 10 
— Wat we cannot arrive at the elements, or; atoms, till 
after wo know: not i, 557 many reſolutions) the parts yield in 
their collifons, ' ve catinot affirm this of the atoms uke 
ent . This yielding is a cok he 
Kohle bodies, which have always much more 
dende. de el Cet ae and ne * - ' x 


Pen 9 7 that by rs the matter of hs A 5 1 
particles chemkeves holds ogether . The truth f Hh es 5 8 | 


force in the uni dare eie new doctrine, 7. 7 40 
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98 8 me ah of the above cited diſcourſe on motion, b! us, * Fad nature 
1 from à ſtate of motion to à ſtate of reſt at once, without paſſing thro 
intermediate degrees of motion, then one ſtate would be deſtroyed before natur 00 Z 
know what new ſtats ſhe ought to determine herſelf to; and aſks how ſhe could then 
"determine herſelf to any one ſtate rather than another? In anſwer, we need oy 
obſerve, chat to ceaſe to move is the ſame as to be at reſt, andl that when the equal x 
atoms ſtop each other at.once, there is no-interval between, the ſtate of motion and 
that of reſt z and that when motion is deſtroyed, reſt e ale, 75 eee 
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Cn Ar. PHILOSOPHICAL DISCOVERIES. 8g. 
ſute the force by y the ſquare of the velocity, each of them would 
have but one ae part of the force of the firſt body; and 
both t - would have but one half of its force; ſo that the 
other half would be neceſſarily loſt, without producing any 
fort of effect. In order to Fic rid of objections of this kind, 
ſome of the favourers of the new doctrine, concerning | the 
menſuration of the force of bodies, content themſelves with 
obſerving, that no bodies of a t hardneſs have been found 
in nature; tho there is the e againſt admitting 
and treating of bodies of a perfect elaſticity. ; But others 
boldly reject ſuch hard bodies, as impoſſible, from thoſe far- 
Ktchel metaphyſical conſiderations we have deſcribed. - How. 
8 much they have endeavoured to perplex the theory of, motion, 
2 | x its y un parts, om. @ zeal fort 1 1 joctrin 
| A e Ae it 4 1 1 5 15 


15 The power b a6 bn. was 3 more e ILY 
1 by Mr. Leibnits 5 famous doctrine of a bre. Habliſbe iſhed harmony, 
as he calls it. According to Des Cartes, the brutes were mere 
machines; and this Dns to many, incredible. 
But this is nothing in compariſon to what Mr. Leibnitæ would 
have us believe, when he tells us that the ſoul does not act 
on the body, nor the body on the ſoul; that both proceed 
by neceſſary laws, the ſoul i in its perceptions. and eite and 
che body in its motions, without affecting each other; but that 
ceeach is to be conſidered as a ſeparate independent machine. 
The volitions of the mind are followed inſtantly by the deſired. 
motions of the body, not in conſequence of thoſe volitions i in 
_ the leaſt but of the nice and well adjuſted machinery of the 
1 body. The impreſſions produced i in the ſenſory | have no effect 
on the mind; but the correſ ponding idea ariſes, at that preciſe 
dime, a conſequence of a chain of cauſes of 'a different kind. 
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Thus all that men do. or ſay, is no more than the effect of ex- 
quiſite machinery, according to fim. Bur it is time for us to 
leave thoſe fictions, left the reader 1 be u to d 
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1. „ ry J H E ſum of what we have obſervedi is, that cho de 
. be | learned men may! have ſhewn abundance of genius and 
invention in their writings ; yet they, and all others who have 
followed a like method, have begun at the wrong end, in tra- 
cing the chain of cauſes, . and have attempted to form a ſcheme 
of philoſophy. that far. ſurpaſſes the human faculties. The. 
en reaſons and primary cauſes, of things, which they ima- 
gine they poſſeſs, riſe infinitely above them; while certain ob- 
E and plain facts, perpetually appear in ELTON, to 6 
El boaſted ſpeculations. | f 5 pals ern TTL 
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Me are to endeayour to ale f om the 24 eds thro” f the inter-. 
ms ate caules, to the ſupreme 2, iy We are, from his work: "Þ 
to ſeek to know God, and not to pretend to mark out t e 
ſcheme of his conduct, in nature, from the very deficient ideas 
we are able to form of that great myſterious | Being. Thus na- 
tural philoſophy may become a ſure baſis to natural religion, 
but it is ve 55 prepoſterous to deduce natural philoſophy from 
any 17 is, tho“ invented to make us imagine BED 
poſſeſt of a more complete ſyſtem of metaphy ics, or con- 
. trived perhaps with a view to obviate 1 more eaſily ſome "RE 
 fieultics in natural theology. We may, at length, reſt fatisfied, 
_ 7 in natural e, truth i Is te be ee 10 experi- 
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1. ent and. ohſervation, with the aid of geometry, only; and 
that it is neceſſary firſt to proceed by the method of ana 
before we preſume to deliver any Hſien Kane. * 


4 117 


We. may allo. learn at length, from the bad i ke of ſo 
many fruitleſs attempts, to be leſs fond of perfect and finiſhed 
Fe okane of natural philoſophy ; to be willing to ſtop when we 
find we are not in a condition to proceed farther; and to leave to 
poſterity to make greater advances, as time and obſervation ſhall 
enable them, For we cannot doubt but that nature has diſcove- 
ries in ſtore for future times alſo, which may be retarded by 
our raſh and ill-grounded anticipations. By proceeding. with 
due care, every age will add to the common ſtock of know- 
ledge ; the myſteries that ſtill lie concealed' in nature may be 
gradually opened, arts will flouriſh and increaſe, mankind will 
improve, and appear more worthy of their ſituation in the 
5 univerſe, as ROY e more towards a Pee NO\ "_ 
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— great men, in the diſtant ages 1. the world. The — 8 
began this ſcience, the Greeks. purſued it, the. Arabians pre- 

- feryed:it, when it was loſt in Europe, and ſet a high value upon 
it while their empire flouriſhed ; and fince the late memorable 
rel Yation of F. ef in Europe, its great pgs has Deen th 
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27 * ans to invent ts dme art + by nch they ſhould be able to 
meaſure their land, and to this we are told, geometry owes 


its origin and name. The prieſts of that country, abounding „ 
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in ee and genius, improved it into a ſcience; and theit 
N 2 eee kings 


 eftecmed as to babe the a 
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king wrote treatiſes upon it. . Thakr>brought the principles of 
it into Greece, where it was ſo diligentiy cultivated that the 


elementary part was ſoon compleated, and was ſo highly 


ppellation of the murbematu ina 
che cubical 7 


eres 2 2 
75 0 geor 
eps ee e ney eee 8 . 
pebtkener the duplication of the bes A produced the folid: 

gentry: It afterwards: received great improvements from tlie 
7: able- Archimedes, who ſquared the area of the parabola; 

greſs in the menſuration of the cirele, and en- 


hel this feicnct: with many 0 e I of © DO. 
a ene. 3 3] ICE 4117 3087]. | 8 SY $315. 0 | 85 E ILWTY * 41 
te n 1 herrin bas bauor oy , ANTS. Wa 4 0 
Ae appents that it advanced werb eprees; and ſometimes by: 


very "ſlow" ſteps : ene, We are told; diſcovered that the three 
angles of ah-equilateral triangle were equal to two right ones 3; 
another went fartker; and ſhewed the fame thing of thoſe that |; 
called 5/o/celer triangles';/ and it 
0 ——— that the thec orem was general, and ex- 
endec lit toꝭ triang les of all ſorts $73 In like manner, when tl 
ſeience was r advanced and they came to treat of rea 
conic e ſections, the plane of the ſection was always ſuppoſed 
endicular” to the ſide of the cone; the exe Song 


= in the acute-angled cone, and the Shel the wal 
-ahgled. From theſe three ſorts of cones, abe figures 


1 Aae ſections had their names, for a conſiderable time; till at 
length Apollumius ſhewed how they miglit be all cut out of any 


S, 1 TITS $1114» af Fa» 1 1 An * n ul q 9 ö 341 i e BME 
2 Proc Comment. in Rachen 61 ge 1 tu Al 148 
. © £7008 Lomment. 24 6 9 Ti N nr 31 1 lt with 
1 Tr = - eino ach alwottib. 9 h „rn l en 


1 ; A 
CM de ö , _ 
148 . | F 


C- PHATCOSOPHICAL DISCOVERIES. 930 


one cone) and by this diſcovery” meritetd in thoſe __— apr. 
pellation of the ga. 9 ao 28 1 9191 "NYT 92 11 
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By ſuch Reps. this ſcience aſe, in proceſs of time, to.that., 
vaſt height for which it is adrnired}. Problems that appeared of:; 
an inſuperable difficulty in one age were reſolved in another 
and, in a chird, were in a manner deſpiſed as too ſimple and 
eaſy; particull 
1 extenſivè diſcoveries; laborious — were followed; 


tilliothers were found that were more ſimple and general 3 bot 5 


the g care was always taken of the certainty ak evi 
of the ende as it was carried on. There was indeed. a ling! 


interval of many ages, between! the 8 


min Greece, and revived in Europe * the antients, 


founded it on unexceptionable grounds, and carried it on wi * 


the utmoſt accuracy, when learning Was reſtored; thein works 
ſerved for a baſis, a8 well as for models, tothe 
tors. Thus the gradua 1 progreſs of din in his ſcience ap 
5 pears ſimilar, in 7 WG. reſpe 85 0 the ady 870, AMMAN; 3; 
rigour and knowledge. \ They" firſt made eſſays en and 
ky alder the — eu ſeveral; 


more f Se, till at lengt 


ages, nothing ſcen'd too high for | them.. wi whe + 2644 00501 * 
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rden what ve have obſerved con ting) » the, hiſtory, of, 
| DS Ls oſophy, it may eaſily. dad why Ks; pro- 
greſs has been ſo different ; and whence it proceeds that we. 
an have found in it, as in geometry, that pleaſing gradual, 
rife from fi ſmall beorr 

ing into nature, men retired to contemplate t 
inſtead of tracing her operations, thay gave their imaginations 


full play: — they ought to have. heſitated; they” decided; 


. where chere was no difficul ty, they doubted. What was 
. ee ate 


theorems were firſt inveſtigated. that lech tol; 


in ven 


r 
2 


vinings to greater heights. Inſtead of ſearch, 
eir own thoughts; 
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__ my dirided, and defined n Was plain ; but in what 
| am 1 h ng art were oo up in op- 


common rea- 


bs of 2 bur, as ah of ede "Theſe were 205 0 
gteat authority as not to be overturned by: contradictor 
vations, or by the exti 

them; but 1 p16 49. char? 4 3 his a; wn piody, dre ce 

m ding theſes: to the e6ncluſion of his f. ble. 
” e one age or "et 7 not but age for the mol 

part, the labours of another, Sometimes. the 

harmony. of the Pythagoreans. ſerved y 4, expl. 4 achat was 

= moſt myſterious in nature. 3. the ideas of 10 7 the » matter and, 
= form ol Ariſtotle preva l 

85 ue "only to vell the i 1gnor: 
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„„  _ abſurd a ſcheme. The. TAG the oppoſite 
. extreme, and became ſo fond. of darkneſs that they would not 
ec the light tho never ſo clear; and ſome of them choſe rather 
=... oo to doubt that #7 doubted "than, to PO eee any King 5 " 
Bm yet they too had nume ous followers. Afterwards philoſop 
was in no aher but as; e as 1 ſery 1 ag a Vous and 
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We 8 ben, in Weak Supi a account of 45 ſtate of ohi- 
loſophy in different periods, that they who have indulged them- 
felves in inventing ſyſtems : and compleating them, tho' they 
have ſometimes ſet out in a manner that has appeared plau- 
fible; yet, in purſuing thoſe ſchemes, ſuch con ſequences have 


5 Ain as could not fail to diſguſt all but ſuch as were intoxi- 


cated with the deceit. Some, from their fondneſs to explain 
all things by mechaniſm, have been led to exclude every thing 
but matter and motion out of the univerſe : others, from a 
contrary diſpoſition, admit nothing but perceptions, and things 
which perceive; and ſome have purſued this way of reaſoning, 
till they have admitted nothing but their own perceptions. 
Others, while they overlook the intermediate links in the chain 
of cauſes, and haſtily reſolve every principle into the immediate 
influence of the firſt cauſe, impair the beauty of nature, put 
an end to our enquiries into the moſt ſublime'part of philo- 
ſophy, and hurt thoſe very intereſts which they would pro- 
mote. In framing thoſe ſyſtems, he who has proſecuted each 
of them fartheſt has done this valuable ſervice, that, while he 
vainly imagined he improved or compleated it, he really opened 
up the fallacy, and reduced it to an abfurdity. Many who 
ſuffered rey em to be pleaſed with Des Cartes's fable, were 
put to a ſtand by Shines s impieties. Many went along with 
Mr. Leibnitz s hene of abſolute neceſſity, but demurred at 
his monads and pre-eflabliſhed harmony. And ſome, willing to 
give up the reality of matter, could x not © think > giving up their | 
own and other minds. . Tj 


The variety of opinions 5 Pape diſputes n li- | 
loſophers has induced not a few, of late as well as in former 
times, to think that it was vain labour to endeavour to acquire 
in natural knowledge, and to aſcribe this to ſome un- 
. aE; oy ents avoidable 
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ble defect in the pri rinciples of the ſcience. 
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N W are e objedts, powers, or cauſes without us, and chat act 
upon us. For in many of our ideas, particularly thoſe that 
are accompanied with 


diſtinguiſh theſe objects into pi. general claſſes. The firſt is 


of thoſe which we perceive to have a ſpontaneity, or ſelf- 
moving power, and ſeveral properties 
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" motion, or le mechanics.” 8 
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ris . len, time, e and | motion.” 


8 we are certain of our . N "ad of 
of our ideas, by internal conſciouſneſs j 5 
we are ſatisfied, by the ſame conſciouſnels, that 


„the mind muſt be paſſive, and re- 
ceive the impreſſions (which are involuntary). from external 
cauſes or inſtruments, that depe nd not upon us. We eaſily 


and affections ſimilar to 
thoſe of our own minds, ſuch as reaſoning, judging, willing, 


loving, hating, &c. The ſecond general claſs is of thoſe in 
which no fuck affections appear, 


but which are ſo far of a paſſive 
nature, that they. never move of themſelves, neither, when they 
are in motion, do they ever ſtop without 2 5 external influence. 


If one of 1 theſe move out of its place, without the appearance 
of a mover, we immediately. conclude that this is owing to 
ſome inviſible, agent; ſo much are we perſuaded of its own 


inertia. If we lay up one of them in an) place, we expect to 
ind it there at ny diſtance « of time, if no other powers have 
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called body or matter; as the form 


n it h po/ob) jeRion. age cher 
ace that they may be very different - Big tl ene er cen 2 


- . It s, however, rating our ideas of external object by 
much too low, to compare them to words or mere arbitrary 


and their influences upon each other, and upon 


e — ate in things, 
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had acceſs to it. This paſſive nature, or inertia, is what chiefly 
diſtinguiſhes the ſecond claſs of external objects, which is 
is called, mind or ſpirit... 


2. | How external objects, of VIM clas, act u apon the mind, | 


| by producing ſo great a variety of impreſſions or ideas, is not 
our buſineſs at preſent to enquire : neither is it neceſſary for us 


to determine how exact or perfect the reſemblance may be be- 
tween our ideas and the e or ſubſtances they repreſent. 
In our ideas which are repetitions of other ideas, we find very 
different Na of reſemblance between them and thoſe of 
which. th 7 are 8 The idea we form in our imagi- 


_ hation. of perſon, place, or figure which we have often ſeen, 


has & ck more perfect reſemblance to the impreſſ on we re- 
8 E fre ſenſe, than the idea we are able in our imagination 
& form. of pin, an tothe ae we have feof it And 


22 


S on we May, ve formed. of them ; fot 1K is no juſt reaſon 


| ft admitting the exiſtence, of body, that i its inward eſſence, 5 
an, may be very different from any thing we know 


yrs ſerying only to diſtinguiſh them from each other. For it is 
our ideas of them that we learn r relations, 


s and 


& of on” and Oy uſeful knowledge hai 
© Jas "of ering confuſion, beauty. and de 

The — um- 
upon which ſo el and extenſrye ſciences \ 
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Mfg The nin * — ech f its own activity in 
reflecting upon its ideas, im examining and ranging them, in 
forming ſuch as are complex from the more ſimple, in teaſoning 
from them, and in its elections and determinations. Ffom this, 
as well as from tlie influence of external objects upo n the mind, 
and from the courſe of nature, it eaſily Acquires the ideas of 
cauſe and effect. When a figure deſctibed upon a board pro- 
_ duces a fimilar idea or impreſſion on all thoſe who ſee it, it is 
as natural tv aſcribe this'to one cauſe, as, when we ſpeak to 4 
numerous audience, the effect of the diſcourſe is to be aſcribed 
to us; tho we may be unable to explain how the impreſſion 
of the figure is communicated to the feveral ſpectators, or the 
diſcourſe to tlie hearers. It were eaſy to make many more re- 
marks on the philoſophy of thoſe whoſe principles would lead 


| them to maintain, that external objects vary with our precep- 
: _ and e the object is abways different when perceived 


examination of 


1 4. Body not x one never changes its ſtate of itſelf, in con- 

«quence of its paſt rer nature or mertia, but it alſo refifts when 

is produee when at reſt, it is not put in 
1 It UNH ty $ and Wet: in. Motion, it requires a 

certain force t to ſtop i it. This force with which it endeavours to 
| perſevere” i in its ſtate, and reſiſts any change, is called its vis 
meriie'; and arifes'from the inerria of its parts, Dang always 

proportional to the quantity of matter in r ; inſomucn 
that it is by tas ne only we are able to judge of the quan- 

_ tity of matter. And this judgment is wal founded, ” becauſe 

* * ind that whit we double « or triple a body, or 
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ion, we muſt double or 
it with the fame cele- 


body. If the ſolid, uncompou 
| | of 'equal bulk, have. their inertia 
- curately'tr tri ue | 
Other, that 1 


| | nicks 
oat of the ſame 


be 5 chat we can 
| To. wy atter. Such differe ; inds of matter may exiſt or ough 
i it is by diminiſhing or increafing the number or 


g 7 ——— of the res of bodies that 
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formly in an unchangea able courſe, which alone ſerves to mea- 
tare with exactneſs the Yi of all other things. For 170 
we correct the vulgar meaſures of time, which are groſs and 
inaccurate, by proper equations, (as in predicting. e of 
the fatellites of Jupiter, and moſt other aſtronomical phæno- 
mena) the concluſions are always found inaccurate and er- 
roneous: and however various the flux of time may appear to 


different intellectual beings, it cannot, at leaſt, be thought to 
depend upon the ideas — any created being. Time may be 
conceived to be divided into ſucceſſive parts that may be. eſs 
and leſs without end; tho', with reſpect to any one particular 
being, there may be a Leak nt time, as well as 4 minimum 
Fuer e . Agnitudes. 
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its axis. At the ſame time, the diurnal revolution of the hea- 
venly bodies about the earth muſt be apparent only; fince if it 
was real, an immenſe centrifugal force would thence ariſe, 
which could not but diſcover itſelf; becauſe they move in free 
ſpaces, and 1 ſolid orbs bare ben en exploded en wy molt 
ye grounds. . 


| tapł 1 af e 
Silks: the notion of abſolute ſpace, and accuſe mathematicians 
in this of realizing too much their ideas: but if thoſe philo- 
ſophers would give due attention to the phænomena of motion, 
they would ſee how ill grounded their complaint is. From the 
obſervation of nature, we all ee that there is motion; 
that a body in motion perſeveres in that ſtate, till by the 
action or influence of ſome power it be neceſſitated to change 
it; that it is not in relative or apparent motion in which it per- 
ſeveres, in conſequence of its inertia, but in real and abſolute 
motion. Thus 8 apparent diurnal: Motion of the ſtars 
would ceaſe, without the leaſt power or force 
them, if the motion of the earth was * 


"= 1 thi Ls; metaphyfici 


wrd r WY 1 4 other celeſtial dodlie 
ſevere in their courſe, the cer il comps 
m—_ fill fubfiſt, with the ſpheroidica _— of the fluid . 
| ocean; the conſequences A the 1 real motior 1 0 the ( rth. JT 
its axis. . They who are not well acquainted with the cheory of 
motion, more eaſily allow that a body at reft continues at 
reſt, in conſequence of its paſſive n. nature or inertiu, than that 
vrhen in motion it continues in motion : but this perſeverance 
of a body i in a flate of reſt can only i place with rela | 
abſolute ſpace, and can only be r er by admitting 
it. When a topp turns upon a ſmall pivot, its circular mo- 

tion z will continue ſmooth for a long _ but any bo- Y placed | 


2” | TP 
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upon its furface does not. continue in that place, but immedi- 
ately flies off, When a ſhip moves ſteadily, any body placed 
in . cabin continues in its place, as if the whole was at reſt; 


but when the motion of the ſhip is ſtopt, the body flies off i in 


the direction of its former motion; for, in conſequence of its 


inertia, it endeavours to perſevere, not in its ſtate of reſt in the 
ſhip, but in its ſtate of motion or reſt with regard to abſolute 
ſpace. It were eaſy to enlarge on this ſubject, and to ſhew 
that there is no reine the phænomena of nature without 
allowing a real diſtinction between true, or real, and apparent 
motion, and between abſolute and relative ſpace. Whatever 
thoſe philoſophers may pretend, we have no clearer idea than 
of ſpace ; and tho ſome puzzling diſputes may ariſe in ſome 


of our enquiries concerning it, this is what we meet with in all 


our enquiries into nature; our knowledge of which we ought 
to take care to have as clear and well founded as poſſible, tho' 


it is in vain to pretend to make i it en and PTY as Wwe 


Ne in the firſt Wonne 
e Pts being liftin iſhed Gow 1 e by its vis inertiæ 
or - reſiſtance, it is an obvious ſoggeſtion of common ſenſe that 
_ ſpace is not equally full of matter; and it is the reſult of 
iloſophical 82 that the ſolid matter in the denſeſt 
| proportion to their whole bulk. The rays 


of light f a oafſage through a glaſs globe in all directions, 


which argues the 
tility of light. Th. 


eat rarity of the globe, as well as the ſub- 
> ſame is to be aid of the magnetic and 


electric effivvis, and of the ſubtile matter that pervades the 


of bodies Sith grcat freedom in: chymical experiments., 


As for thoſe fluids which. philoſophers have invented, in order 
to un the pores of bodies, ſo as to exclude a void out f 


ſtthe univerſe, we made fome obſervations upon them in the firſt 
book; and we may have occaſion afterwards to ſhew how 
. | improper 
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| eee eee ent eres, recipro- 
rg by motion: time is in a perpetual flux and periſhing ; 

but a repreſentation of it is preſerved-in the: ſpace deferibed. * 
the motion. When the ſpace flows as the time, that is, when 
equal parts of {pace are deſeribed in any equal parts of the time, 
then the motion is uniform, and the velocity is conſtant or 
unvaried during the motion. When the parts of ſpace, de- 
ſeribed in any equal ſucceſſiy parts of the time, continually in- 
creaſe, the motion is adcoleraied 4 and when thoſe parts of 


N = £ FEI 
WY 
a : "I # * 
| | . * 
= 


I. 1 continually decreaſe, the motion is J retarded In general, 
the velocity of motion 18. always | 1 by as 3 that 


would be deſcribed by that motion contirced. -uniformly;for a 
given time, It is obvious that the ſpace; deſcribed by an uniform 
motion, is in the compound proportion of the dene ant velocity | 
of the motion: but in general, let 4% Hg. 1.) the baſe of a 
bee repreſent the time of a motion, and the ordinate or 
perpendicular 2, at any point r of the baſe, meaſure the 


velocity at. the correſponding term. of time, (that is, the ſpace 1 


Which would be deſcribed by the motion continue uniformly 
from that term for a given time) then the area of the: fig ure 
435 ſo formed will meaſure the ſpace deſcribed by the n motion, 
in the time repreſented by the baſe AB. Thus a reQangular 
parallelogram ſerves to N44 the ſpace deſcribed by an uni- 
form motion, the time being repreſented by the bales: ind the 
conſtant velocity of the motion by the perpendicular. The 
ſpace deſcribed by a motion ! is uni ormly. accelerated- 
(the velocity of which iner ſes uniformly as the time, that iss, 
receives equal augments in Any: equal ſucceſhve- parts of time) 


is Ws ome 8 5 a eee ; the time e ee 2 . 


* 6 
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the "baſe, and the increafin g velocity by the perpendiculdr, 
which inttelen in the fame proportion as the baſe. Becauſe 


the triangle i is the half of a parallelogram of the ſame baſe and 
altitude, the ſpace deſcribed by a motion uniformly accelerated, 


duritig” any time, from the beginning of the motion, is one 


Half of what would have been deſcribed if the motion had been 


aniform, and the velocity had been the ſame as is acquired at 
the end of that time. Becauſe fimilar triangles are as the 


ſquares' of their analogous ſides, the ſpaces deſcribed by a mo- 
tion uniformly accelerated, being meaſured by ſuch triangles, 
quares of the times from the beginning of the motion; 


are as the 
of as the ſquares of the velocities acquired at the end of thoſe 
times.” The ſpaces deſcribed by motions unifortnly retarded 
are meaſured 1 in the ſame tmanne only the times and velocities 


l are to be ken in a contrar) order, ill the extinction of tlie 
motion. In other caſes, the f. ces are meaſured by curvi- 


linear areas. And becallie there are areas whoſe ordinates de- 


1 a manner, that tho" the figure be produced in- 
the area, never amounts to a certain finite ſpace ; it 


appears That the velocities of a retarded motion may decreaſe in 
fuch' 4 manner, that, tho” the motion was continued ever fo 


long, y yet the ſpace deſcribed by it ſhould not exceed any cer- 
tain” given line. For Kalle, if the velocity during the firſt 
Hour be double * What it is in the ſecond hour, and this be re- 
duced to its half in the third hour, and ſo on for ever, then the 


ſpace deſcribed b 


* this motion , tho' it was to continue for the 


f greateſt number of ages, will never amount ih the double of 
e s firſt hour. 1 5 . 
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Fo riboſented) by 5; and- the b body x, refreſared: 5 3, moves 
Vith a velocity repreſented by 4; then the quantity of motion 
of a, ſhall be to the quantity of motion of s, in the com- 
pounded ratio of 2 to 3 and of 5 to 4, that is as 2x5 to 3x4, 
or as 10 to 12. There appears to be no ground for making a 
diſtinction between the quantity of. motion and the. force of a 
body in motion; as all the power or activity of body ariſes from 
and depends upon its motion. We are not, however, to ex- 
pect that all the effects of the motion of bodies ſhould be pro- 
portional to the quantity of motion, unleſs a due regard be had 
to the time of the motion, and to the direction in which it 
+, acts, according to the true principles of mechanics. A body, 
in conſequence of its uniform motion, deſcribes a certain ſpace 
in a certain time; but there is no ſpace ſo great that may not 
be deſcribed by it, if the time be not limited. When a body 
acts upon another body, the effect is very different according to 
the direction in which it acts. How y neceſſary it is to have re- 
gard to theſe, in determining the effects of the motions and 
actions of Hoey; will appear; more We in the next e, 


5 | 


3 ape a body tends to move, but 3 is ö by Hi 
PLN this tendency is called preſſure. It is not to be com- 
pared with the force of à body in motion, no more than a 
8 55 is to be compared with the rectangle that is generated by 
it. Of this kind is the gravity of a body that reſts and preſſes 
250 a table, or of water upon the bottom of a veſſel, or of 
air upon the fails. of a ſhip. When the obſtacle is removed, 
the continual action of the preſſure generates motion in che 
body, in any finite time. Thus gravity accelerates the motion 
of falling bodies, by acting inceſſantly upon them. When an 
dobrifice is opened in the bottom of a veſſel, the preſſure of the 
fluid accelerates the motion of the ifuing water, and, in an 
| ee little time, W its FS to a en, 2 | 
Ci : "= 
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the wind acts upon the fails of a ſhip,- it accelerates her mo- 
tion for ſome. time, till the lors of the water (which in- 
creaſes with the increaſing. velocity of the ſhip) ballances the 
action of the wind w 5 which her motion becomes uni- 
form. In theſe, 3 all ſuch other inſtances, the motion be- 
gins from nothing; and it is in conſequence of the continual. 
inceſſant action of the power or preſſure, that the velocity, 
generated in any finite time, is finite. If we were to ſu ppoſe 
that each action of the power produced a finite au gmentation 


of velocity, the motion acquired in the leaſt finite time would 


be infinite, or ſurpaſs my een ny as we hase, de- . 
ee ellewhere. hs GL e Wy ODA Bi 


iT 14. Gravity, is 8 K beſt 3 ova us. oe all , powers or 


oxpſfires. . Becauſe all bodies deſcend with equal velocity in a 
void, the gravity. of bodies muſt be proportional to their quan- 
tity of matter; and depends not upon the figure or texture of 
the parts, but upon their ſolid matter only. This is evident 
by experiments of the motion of pendulums, made with the 


greateſt exactneſs. For when the Fengthe of the pendulums 


are equal, bodies of very different bulks and different inter- 
nal and external texture, perform their vihrations: in times ex- 


actly equal in equal ares, keeping always pace together, and 
iring always equal velocities at the correſponding Ronny 


of thoſe ares, unleſs ſo far as the reſiſtance of the air acts 
upon them unequally. In the common buſineſs of life, the 
quantity of matter of bodies has been always meaſured out by 
their weight; tho the influence of the air is various in its 


0 different date and renders this menſuration ſomewhat unac-⸗ 


curate in things of great value. Tho' the gravity of bodies 
rally ariſes from their iba towards the ſeveral. parts, of 
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vob — | By AC NEWTONS | Boox II. 
enn wil bee yet, becauſe this power 
acts around in all parts, and its direction is nearly towards the 
centre of the earth, it is therefore called a centripetal force. 
We ſhall, afterwards, ſhew that ſimilar centripetal forces tend to 
the ſun and planets. | Theſe forces are of three kinds: the 
_  abolute force is mes ind 8 4 the motion that would be pro- 
duced by it in a given body, at a given diſtance. For ex- 
ample, the abſolute ointriptital force tending e the ſun is 
to that which tends toward the earth, as the motion which 
would be Produced by che force tending toward the ſun in a 
given body, at a giyen diſtance without the fun s body, is to 
the motion which would be produced by the nding to- 
wards the earth in an equal body, at an equal 8 from 
it. As uthen we compare the 2 of two magnets, we muſt 
compare their effects at equal diſtances ; ſo when we camnpaſe 
the abſolute forces which 3 to the ee. bodies, the com 
pariſon Kamot be. juſt unleſs it be from 88 ene, when | 
theicirew unſtances are alik e. 
NM 0 tt ay — 
2x46; The f bead fork 4 8 is be cc 
which is meaſured by the velocity generated by it 
time, and is different at differe ent diſtances from the Gels CET 
body, but depends not on che quantity of matter of the bod 
that oravitates, being Wag in all forts of . bodies. at qual 
diſtances from the cent Ade thi d ht, 
the vis motrix, and 1 ati of m | otic ion * 
nerated in a heary-b in a given time; and diffe rs 
the accdleratmg f ce in the fam ner as mo on dif HET 
m i e ))) * e 4 ai {e R9 (1639 Wh 


when v we enquire. into. = pomers,. we endeavour to com- 
OE them ta that of gravity, aa to determine their pro- 


portion. 
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zortion.' > We find a great variety of powers analogous to it in 
nature; ſuch as that by which the particles of fluids form 
er into drops; that by which the parts of hard bodies 
cohere together; that by which the rays of light, in entering 
into water or glaſs, or into any medium of a greater refractive 
power, are conſtantly bent towards the perpendicular, and 
when they are incident upon the farther ſurface of the glaſs, 
with a ſufficient obliquity, are all turned back into the glaſs, 
though there be no ſenſible medium behind the glaſs to reflect it; 
in the fame manner as a heavy body projected obliquely upwards 


is bent into a curve, and brought back to the earth again by its 
eſe, and many other powers in nature, have an 


% = 2 * 
$ us, 1 r 
Fa — 4 
'S * „„ 


analogy to gravity, but extend to leſs diſtances, and obſerve 


laws ſomewhat different. It has been found very difficult to 


account for them mechanically. For this purpoſe, ſome have 
_ certain effiuvia to proceed: from bodies, or atmoſ- 
| pheres environing them; others have invented vortices; but 
all their attempts have hitherto proved unſatisfactory. "That 
T ſuch | powers take place in ate and contribute to produce 


hænomena, is evident; but their cauſes are 


V nblſeuie; and hardly abcetiable by us. In all the caſes 


when bodies ſeem to act upon each other at a diſtance, and 


tend towards one another without any apparent cauſe impelling 


them, this force has been commonly called attraction; and 


this term is frequently | uſed by Sir 1/aac WVewton. But he 


0 gives repeated cautions that he pretends not, by the uſe of 
this term, to define the nature of the power, or the manner 


: in which it acts. Nor does he ever affirm, or infinuate, that 


body can act upon another at a diſtance, but by the inter- 
vention of other bodies. It is of the utmoſt importance in 
Philoſophy to | eſtabliſh a few general powers in nature, — 
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Inq weſtionable evidehce, to determine . their ears, and trace 
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vetſaries o 


juſt handle bon his uſe of this term, after all his precautions, 
only convince us that they neither underſtand the 


before he 


it, as he has done. A terr 
by crafty men, with too r 


feriptions with Sir Tac Newton's own. 
perceive how little it was minded by ham and: that t. 


_abls to expoſe a creature of their on imagination. 


rract each other by ſome charm or 
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eee, n obſeure the cauſes of thoſe 
a0 with yok Ant 


4 


1 6: as PO; e en term 5 may tie, 


to — an uſeleſs and tedious eircumlocution, yet becauſe it 


was uſed b 7 the ſchool· men to cover their ignorance, the ad- 
Sir Jaac Newton's philoſophy. have taken an un- 


to depreciate and even ridicule his doctrines; by which hey 
em, nor have 
impartially and duely conſidered them. Mr. Leibnii made 
uſe of this ſame term, in the ſame ſenſe. with Sir 1/aac IN. weten, ü 
e ſet up in oppoſition to him; and it is often to be 
met with in the writings of the moſt accurdte ohilofojhor 8 
who have uſed it without always guarding againſt the abuſe of 
of art has been often employed 
u h ſucceſs, tc > raiſe a A diſlike agai . 
heir opponents, and miſlead the unwary, and to diſguſt tem 
from enquiring into the truth; but ſuch Fat Fl is un- 


worthy of philoſophers. No writer hath appeared againſt Sir 
Iſaac Newton, of late, by whom this argument, tho 2 — on | 


groundleſs, is not inſiſted on at great length; and ſometimes 
adorned with the embelliſhm 


its. of wit Wet] humour; but 


the reader will take the 


trouble to compare ir, de- 
account, he . go 


of all their art and ſkill amounts to this c only, chat they APE 


: Pofi ibly. 
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Onar. 1. PHILOSOPHICAL DISCOVERIES. III 
that a mutual tendency may be eſſential to matter, tho' this 
is directly contrary to the inertia of body deſeribed above; 
but ſurely Sir Iſaac Newton has given no ground for charging 
him with either of theſe opinions: he has plainly ſignified that 
he thought that thoſe powers aroſe from the impulſes of a 
ſubtile ætherial nedium that is diffuſed over the univerſe, and 
penetrates the pores of groſſer bodies. It appears from his 
letters to Mr. Boy/e *, that this was his opinion early ; 
and if he did not publiſh it ſooner, it proceeded from hence 
only, that he found he was not able, from experiment and 
_obfervation,. to give a ſatisfactory account of this medium, and 
the manner of its operation, in producing the chief phæno- 
mena of nature. They who imagine that he has only intro- 
duced a new phraſe or two into philoſophy, without any real 
benefit, may be eaſily fatisfied of their miſtake, if they will 
but conſider with what evidence he has reſolved the chic phæ- 
nomena of the ſyſtem of the world from thofe powers; how 
he has computed the quantity of matter and denſity of the 
fun, and of ſeveral of the planets, from them; how nearly 
be has determined the motion of the aodes of the moon, 
from its cauſe; and explained many of her irregularities, and 
the other motions of the ſyſtem. But we have inſiſted upon 
this perhaps at too great length; for as no philoſopher ſcruples 
to ſay that the magnet attracts iron, and that electric bodies, 

| when their virtue is raiſed by friction, attract light ſubſtances ; 
it muſt be allowed to be at leaſt as juſtifiable an expreſſion, or 
even more unexceptionable, to ſay that the earth attracts heavy 
bodies towards it; fince all of them deſcend towards it with 
forces proportional to their quantity of matter, at equal diſ- 
_ rane:s'from it; and this power extends to all diſtances, varying 
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7, BE fuſt law of m RI That a 2 abe 
© perſeveres in its ſlate af reſt, or of uniform mo- 
teen. In a right line, till by ſome external influence i it 5 
” to change its Rats.” That a b 5 
in incor reſt,” is matter of general 
vation; and is what ſuggeſts to us the paſſive nature of f 
body: but chat t likewiſe, of itſelf, perſeveres in its Rate of 
KEV 1 well as of nat, is not altogether: fo. obvious, and 
was not underſtood, for ſome time, by- philoſophers them 
oy. demanded the cauſe. of the. continu 

iy „however, to ſee that this laſt: is as 

of natu re as the fun. K Any n mo- 
tions we produce) here on the earth, ſoon lauguiſm and at 
length vaniſh „ wWhence it is à vulgar notion that, in in general, 4 
motion diminiſhes and tends always toward reſt. But this is 
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great wheel will ſometimes continue tc 'reyolve . 

half an hour. And when a braſs topp moves on a very. 

pivot on a 7 — plane, it will cor ntinue in motion very ſmoothly 
ſor a great number of de A pen 1 — in 


vibrate for a 


K C 1 N E W ＋T O 
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air. 1 is true, that, in certain cafes, a ball Fe upon. a 
billiard table firſt in a right line, and, afterwards, returns of 
_ itfelf a little way in the ſame right line; but this ariſes from 
the ball's having a motion aching its axis, with a direction co 
: trary to that of its progreffive motion am the table; i 
when the progreſſive motion i is deſtroyed by the friction, brings 
he pall back again, till this clotion'? is likewife deſtroyed by, 
ie ame friction. When a ball is projected in the air, its gra- 
vie indeed dente its motion into a curve, but it continues to 
move in the plane of its firſt. projection perpendicular to the 
N out turning to either fide of that plane; 3 unleſs 
e caſes, when, becauſe of its motion upon its axis, the re- 
action o f thee air 'makes it deviate me what 1 10 it. If bodies 
uiged the direction of their n mation of * yt could 
continue at reft in a ſpace that i is Carr y forward 
x ri ht line 3, as they are always 94 — 
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% 


= 94) > hee WEEN WAA 5 4 
* 


its motiob, 'Þ it retains them or perſeveres in them, without 
15 25 change, till it be acted upon by fomething external. This 


Jaw is now generally received upon the beſt evidence, But wass 
not clearly underſtood even fo lately as in Reæpler's time, as 
appears by the ac account. we gave of his doctrines i in the I 
boek. From this law it appears, 17 7 we enquire not, in p 5 
blofophy, cone derning the cauſe t th e ontinuation of the re 
„ of bodies, their uniform otic in a right line. Bu 15 3 
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ce Gf motion is proportional to the force imp reſſed, andi is o- 


e duced in 


ei vanes' of | a.m j 


1 the fail, ' or when the 
' reton ln which the ſhip moves. The change of her motion 
is firſt to be eſtimated in the direction of the force impreſſed, 


and thence, by a proper application of mechanical and r 5 
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the tight line in which that force acts. Thus 
when a motion. is + Pei as that of a heavy body deſcend: 
ing in the vertical line, the acceleration i is proportional to the 


power that acts upon the body. If a body deſcend alc 

inclined plane, the acceleration of the motion along ee 
is proportional not to the total force of gravity, but to that 
part only which acts in the 


irection of the plane, as will 
better appear when we come to treat of the reſolution of mod 
tion. ben a fluid acts upon a body, as Water or air upon 
or wind upon the ſails of whip, the a- 
celeration of the motion is not proportional tõ the whole force 


of thoſe fluids, but to that part only which is impreſſed upon 
the vanes or fails, which depends upon the exceſs of the ve 
locity of the fluid above che N which the vane or ſail 


has already acquired: for if the ity of the fluid. beionly 


equal. to the velocity c of the vane: or ſail; it juſt keeps up with 


5 . but has no 5 either to advance o retard-its motion 1. 
. 5 8 V Io FT 5 * 15 e 3; [15 1 AC 1 T- 15 19 181 
* It 10 at e { == time, of the utmoſt pe to = 
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1 — to the d ection in which the force is impreſſed, LA 


' order to determine the change of motion produced by it. It 


would be very erroneous to ſuppoſe that the acceleration of he 


- | motion of a  thip, in the direction in which ſhe fails is pro- 


portional to the force impreſſed when it acts obliquely upon 
0 poſition of the ſail 1 is oblique to the di- 


maetrical Principles, the change of the motion of the ſhip in 
1 own direction is to be derived. When gravity or any . 


| 35 ws 5 5 r | _ centripetal 


X a body moving with a direction 
oblique to | the \ nt ine d 0 n from it to the centre, the 
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[ | dy 1 not only 
its inertia, 
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and to extend it to any number of bodies; for as; by the firſt 
law, a body perſeveres in its ſtäte of reſt, ör '& 


rectilinear motion, till ſome external influence affect it; 0 it 


follows from this law, © that the ſum of the moth ne of any 


15 number of bodies, liimated | in a given direction, . A 


ct the ſame in their inveual actions and eine till TONER 
5 * influence diſturb them. 85 


3. The Gurk of this thitd laiw appears from Mäntel EX 
e in the collifions of bodies of all Kinds. But the 
meaning of it ſeems to have been miſtaken, in ſeveral in- 
ſtances, by ingenious men; which it is neceſfary for us to 
. guard againſt. They whe! maintain the new opinion con- 
_ ecrning, the forces of bodies, meaſuring. them by the com- 


- pounded. proportion of - the: quantity of. matter and the ſquare 
of the velocity, found it impoſſible to ex 


eollifioris of bodies of a perfect hardneſs, void of all elaſticity, 
conſiſtently with this doctrine. T herefore, in order to get rid 
je? them, ſome pretended that it is abfolutely imp 
- bodies ſhould at, upon gr rounds the weal 
fhewn in the firſt book ; while others contented. themſelves 
with obſerving that they knew of no fuch bodies in nature, 
and thought this a ſufficient excule for giving no account of 
their collifions ; tho”. at the fame time they treated lar gely of 
1 8 bodies of a perfect elaſticity, none of which are to be met 
with in nature; and we have much better reaſon to conclude 
that there are bodies of a perfect hardneſs, than of a perfect 
claſticity; becauſe we cannot | bat ſuppoſe the ultimate elemen- 
_ tary. particles of bodies that are void of all pores, or atoms, 
to be Perfectly hard or inflexible, ſo as not to yield in the or- 
diary actions and collifions of bodies. But after all this art iw 
i Jos © their Hvourlte Ei the Faculty Rull. recurred 
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motion, when he tells us that che preſervation of the fum of 
the abſolute motions of bodies, in their colliſions, is ſo im- 
medtiate a conſequence of the equali ity of ain and reafion, 


that to endeavour” to prove it wou ld only render it more 


obſcure; the augmentation. or 'diminution of the force of the 


one (ſays he) being the neceffary conſequence of the diminutior 
or augmentation ry, the force of the other. Now it is plain 
that this third law of motion is general, extending to bodies 


of all kinds; and it is well known that when ſoft bodies 1 


in oppofite diredtions; the fum af their abfolute motions os 
forces is diminiſhed ; and when the bodies are equal, and their 
velocities likewiſe equal, it is totally deſtroyed by their 5 


lifion. It is not RY fin of the abſolute motions or forces 


bodies, but this ſum eſtimated in a given direction, that is pe = | 


ſerved unalterec in their colliſions, in confquerite: of this t 
law of motion: nor can the'prefervation' -of the ſam of the 
abſolute forces of any fort of bodies be conſidered as an imme 
diate conſequence & it. Orv the contrary; the'fam of the ab 
| ſolute motions of even perſec y fn 175 we ek is ſometimes in- 
creaſed, 95 5 in JO e dimirliſ 


5 en Fo Dee manner -thole forces Ale mmeatirel)i pre 


unalterable, in cheir colliſion eſpecially nce this fum, hd 
cording to his own doctrine; undergoes an infinite variety of 
cs, during the ſmall time in which the bodies act upon 
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force is generated in any body, by the accumulation of other 
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the favourers of the new opinion) it in cot ſequence of the 
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forces that ſuſtain each otlier, with oppoſite directions, and de- 
ſtroy each others effect, may be unequal in any giwen ratio 3 
and when bodies meet with equal forces in oppoſite directions, 
| they do not therefore ſuſtain each other, but that which bh 
the greater velocity carries it againſt the other. Let V denots 
the velocity. of o, and v the velocity of 3; then a«y will de- 
note the motion or force of a, and 8 xv the motion or force of 3 5 
o that theſe motions are equal when a x v=B«, that is, when v 
is to v, as B is to A; and this is the caſe wherein conſtant ex- 
perience teaches us that the motions ſuſtain each other, pro- 
vided their directions be oppoſite. But, according to the new. | 
opinion, the force of à is meaſured by Ax VV, and the force of 
5. by Bxvv, Which are to each other in the ſame e as 
veto ©, in the preſent caſe, becauſe we ſuppoſe ax,y=Bxv.. 
Theſe forces, therefore, according to the new opinion, are ſo 
far from being equal, that the force of A is leſs than the force e 
of B, in proportion as is leſs than v, or B leſs than a; & 
that, according to this doctrine, a force might ſuſtain, or evem 
overcome, a force 1000 times greater cha itſelf, or gre ter 
than itſelf in any aſſignable proportion. According to the ſam i | 
doct ine, the forces of a and B are equal, when a xv V=Bx vb, 
that is, for example, when à being quadruple of 5, the ve- 
: locity * B. is double of the velocity of a; in which caſe the 
quantity of motion, or nomentumm, of A is double of that of 3; and 
the motion of 4 appears, from experience, to be more than ſuf- 
icient to ſuſtain the motion of B. It has coſt the favourers of 
the new opinion a great deal of pains to compoſe their ac- 
counts, by which they endeavoured to reconcile their theory 
with experience; and ho- unſatisfactory their accounts have 
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it in its action; ſo that any change produced in the body, by 
whatever name it be called, ought to be determined from the 
action of this laſt ſpring only, and in juſt reaſoning ought to be 
computed from it alone. Had he defined force by: the num- 
ber of equal and ſimilar ſprings, that, by a given degree of 
| [expanſion or com produce or deſtroy it, juſt exceptions 
might have/been made © againſt the propriety and convenietice of 
fuch new and: meceſſary rn wage as tending, fo perplex and 


vory 1 65 . ede but ther 


this controverſy, would have 
appeared to relate chiefly to words and terms of art, and there 
would not have been ſo much of miſtakes ariſing from 
their doctrines. but he does not * this fo th defi of 
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37] ſs" „en body. defce 15 by: its grariey, the motion ge- 
Wee may be confidered as the ſum of the uniform and Con- 
tinual impulſes accumulated in the body, during the time of 
n Aud when a body is projected: perpendicularly up- 
ns its motion may be conſidered as equivalent to the fur 
of the impules of the ſame power till they extinguith it. When 
projected upwards with a double velocity, theſe uni- 
„Dtm ipapulles Mut be cox inued for a double time, to be able 
'  deftrop the marion of ge and hence it 2814185 chat 


N 12 4 7 


"motion is cxhauf 2 chat a h with. a 
3 velocity moves are a double force, fince it is pro- 
duced or deſtroyed by the ſame uniform power continued for 
a double time, and not with a qu druple force, tho it ariſe to 
a quaduple height. This, however, was the argument upon 
which Mr. Leibnitz firſt built this doctrine; and thoſe which 
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f the e Meds p A motübn, and is 
effects, the diſpute appears no longer 
1t words only. Sit Jace New, , in his ſecond law 
points Gut as us that the im we force being con- 
i e cauſe, the change of m oduced by it is 
che effeck tit intaſiires the'cat ; and not the ſpace deleribed 

wy by li ipainſt He Aon of an uniform gravity, nor the hollows' 

pn iced by the body. falling into clay. his law of motion 
is the ſureſt guide we can follow, i in a LINA o 
their caufes, or oF Eonveriely the t _=—_ rn 


OFT N 


23. The harmony bet "ay e Ms of rechne, or powers 
that t generate motion, and the laws of theſe motions theraſely 
appears in a fuller light when we-attend to their compoſition 
- reſolution. Powers acting in the directions A's and à p, 
(Eg. 4.) proportional to thoſe right lines, compound a power 
0 acts in'th e ditection of the diagonal A ad 1 s meaſured 
by ac Becauſe Tis) leſs than 4 5 TA b, the power com- 
pounded from as and 4D is always leſs than tt 2 powers 
. lemſelves; and this is fully accounted for by reſolving the 
power Ay into Au and AN, (Ee. 5 ) : and the e AD, . 
AK and AL; of Which AN and AL are oppoſite and E 
troy each others effect, fo that there remains 11 Ar 
or n c, the meaſure of the com unded power. The favourers 
of the new opinion agree with foe arguing in this manner, con- 
ming powers and preſſures; but in a manner uite inconſiſtent 
wich this, in the compohition and reſolution of forces. When 
the angle BAD is Tight, the compounded force is 8 to the 
ſum of the forces as and à 5, according to them and no 
be is loſt, notwithſtanding the oppoſite di of "he forces 
act have an effect in the compoſition c of forces, as well as of 
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powers and 1 When * angle 3 A p (Fig.-1 5.) is * 
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force in refs'd. on 4 muſt be leſs than the ſum of all the 
| or the ſum of the forces &. xerted by Hf and G, in che 
zottion. f ke Wc Av that is, the forces of 4, 
1 muſt be as the lines AG, A and AD and not ag ar 
ſchuares. Ie is not poflible to conceive chat While the forcs in 
4 ariſes from the accumulation of the preffures, of infinitely 
mall forces, -which it receives every moment from the actions 
of i an &, and each of cheſe preffures, or infinitely ſmalt 
forces; is leſs than the ſum of the actions of f and d that 
produce them; yet the whole force of à ſhould neverthelefs 
d actions or forces of x and 6; 
I ſpe . here of infinitely ö dee to comply as much as 
pofſible with the ſtile of the favourers of this new opinion. 
To, „ this they gaue no the oy than that what we call 
oroes here > called amen. But they . = 
the direction 0, come ene 4 finite, force far p ater 
eorreſp — the cauſe ; the metaphyſical principle which 
y: ſtem to uſe, or reject, Juſt ar it ſerves ae rar. If we 
pple the angle vw e infinite e He f 36, 


A th 4 wih in a0 ade hte Fes a _ double of 27 
. for then: tlie ſquare " ABS AD weil be equal to the ſquare 

ol 2 55 chat ite N tlio the Ef e 
ſuppoſecd to produce this,- taken together, amount o 

zu, a4ecerding to thei: GH, Sm en; (6'that) in By 

pw 0 cauſe pibdacey ati effect of the fame E 

ils Lhe [nun e atifivered; 

n DEST 75 4492 50 AA 
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in tlie dire ꝛoblique to it, the abſolute motion pr forer 
of e in hed —— no, is not ſo much diminiſhed by this 
reaction as if it was directiy oppoſite to the, motion of e; for 
no power, or reſiſtance, can produce ſo great an effect in any 
; econ AS: in that wherein it acts. In like manner the e 
Action of n deſtroys the motion or force 1. in che body c, in 
direction in po reacts; but not ſo great a motion or 
ce in the direction D to which it is . ; and thus it 
that the motion or force of c, in the directibn o e, 
muſt neceſſarily be leſs than the ſum of the motions or forces 
of the b bodies a and z in their reſpective directions. If it be ob- 
jected, that, in this caſe, the motion of c, in the direction 
-Þ&+1s:the cauſe of the motions of 4 and 3, in the directions 
enfand og ſo that a cauſe produces effects whoſe, ſum. is 
greater than itſelf; in anſwer to this, we have already erved, | 
chat as this is allowed on all hands of, motidus and pot ky it 
cannot be abſurd to extend it to: forces, but muſt obtain 
_ them for the ſame. reaſons. But father, we are, to b ſerve, 
in co ſequence of the inertia po ra e 


ion of a motbengz Rd that! a ip? action, of Shade 
upon each other is nov in a right 4 botlutlleſe arg c beaken 


5 into 2 account. Suppoſe the body e firſt to: n, 
then the reaction of A has a 3 it 147 py 


| b what from the motion or foro of c and; at e time it 
roduces g change in the direQion af c 5 land the reaſtion f 
4 (to which the motion or force, produced in it is quali is not 
* to be eſtimated by one of thoſe effects only, but, both con- 
Jointliy. After the body c has ſtruck. 2, it proceeds in the igt 
line en with @ Vor force as and, impinging upon; 
directly, it ea fo its whole mntion or f to. a which 
reacts een Witte ic. We have ſuppoſed che bodies o Ay 
7 (1 „ F MED ib 533 1 gol «4 10 15 Bas 77 : 
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4 # 1 - 5 
„ 5:46, 2 we ſubſtitate. fp 


— hy 4 5 — ide: . Er ce ac 
age ag againſt the motion or force of C. It has its: whole 
| effect in the direction c x in which it reſiſts; j but not ſo gi 
an effect i in Net "dion 0 Dy Thick is: ble to that in 
cording. to the known principles of mechanics, are une quali 
Tf it is aſked vat becomes of the exceſs of the force Ot 
ſpring Ay. A aboye what: is ſal ucted from the 
_ be anſwered, that i ite i not 
to oe horizon; to a dout | 
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Kurth, is equal to chat which, im in a horizontal direc- 
tion; wauld carry it in a circle! about the carth ſor ever, ab- 
ſtracting from the reſiſtance of the air; as appears from the 
theory of gravity : and yet the firſt would overcome the re- 
ſiſtance ariſing 1 of the body for a certain time 
only; whereas the other would overcame that reſiſtance for 
ever, without any diminution of motion. In the firſt caſe, 
the gravity of — body would act directly againſt its force; in 
the ſecond, it would a2 in a line perpendicular to the direction 
of its motion: in the firſt caſe, the action of gravity is entirely 
en in conſuming the force of the body; in the other, 
ts direction only. The arguments drawn in favour 

of of ths new. opir ion from the reſolution of motion, rs at 
firſt ſight, the moſt plauſible of any that have been offered for 
it; ; but, from the conſiderations which we have formalin, it 
may appear to an impartial reader, that inſtead of overthrowing 
the common doctrine, they rather confirm it. As, in other in- 
| Rances, Mr. Leibnitz's followers. negle& the conſideration of 
time, in reaſoning concerning the forces of bodies; fo here we 
find that they have not due regard to the directions of motions 
and forces, in- eſtimating and comparing their effects; wich 
however, in, mechanical enquizies, are of no leſs 5 
antes motions or Gonons-hentſalves, ds oro ads, 
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105 wy Wie bare iuſiled on cheſe od ions 1 * ſer 
the theory of motion in a plain and juſt licht. We often ob- 
tain, this advantage from diſputes, concerning the elementary 
_ propoſitions, of any ſcience, that they. are the more carefully en- 
quired into, and when: found: juſt, are illuſtrated and the better 
ungerſtood for having been. Ae We cannot, however, 
leave this ſubjea ben 1 an den dene . made by 
e chanical ſciences-are — indebted: He prepared a- pert 
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IT ad wail ; upor th 5 oe *. are l or 1 'We 
find the loadfions anrads iron, and that iron attracts the load- 

with equal force; and becauſe they attract each other 
1 ly, they remain at reſt when they come into contact. If a 
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of a cons, of the leaſt part of the earth, as well N noun _ 
Bodies act upon -lighe in ere their denfity, on 
pea ribus, by refracting it when it enters into them; and 
converſely, bghe acts upon bodies by heating them and putting 
their parts in motion. This equality of action and reatZion ob- 
_ tains ſo generally, that when any new motion is produced by 
any power or agent in nature, there is always a correſponding | 
equal and oppoſite motion produced by its rack at the fame 
time, or ſome equal motion in the ſame direction deſtroyed. 
| When from an engine a weight is thrown, the engine reacts 
with an equal force on the earth or air. If it was not for this 
law, the ſtate of the centre of gravity of the earth would be 
affected by every action or impulſe of every power or agent 
upon it. But by virtue A this law, the ſtate of the centre of 
gravity of the earth, and the general courſe of things, is pre- 
ſerred, independent of any e dee that can be produced at or 
near its ſurface, or within its bowels. By the ſame law, the 
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rational c the former treats of the mechanical powe 

Bix. the leber, the axis and whez, the Pulley, -y, the wed ge, and 

the crew, to Which the inclined Plane is to be added; and of 
their various combinations together. Rational mechanics com- 
prehends. the Ke” ke. theory of motion ; and ſhews, when the 

powers or forces ar e given, how to determine e .motions that. 

are roduced vi by” them; and, converſel 
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end of the motions are "given, how to trace the powers or 
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not vot be tight to _— the''s ene wy; * r ant a Min 
or a pre -of thi s kind only. Therefore we ſhall de- 
Ms the law of the z asp en in the lever or vectis (which 
is the, four dation of all the other propoſitions of this kind in 
1180 anics) 4 new method, that Teems to us to be founded 
0 thep laineſt and moſt evident principles; to which we ſhall 
bjoin Na demonſtration given by Sir 1/aac "Newton of the 
Fat _— 1 25 which 3 is . pee to eee I ee 
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fea Nate act at 
nee the e prop, or centre of mo- 
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| | to mois 1 5 lo 
about” the centre F al; ſo that the one 
40 Aggies oo TOO ted 6 the other; A . ſecond | principle | 
is, that, gps ai nes: if ole 
185 0 (Fig. pi 1. 5170 deb lesen the bodies A and i By. it muſt bear 
the fum of their weights ; becauſe the lever being loaded With 
cho weights, it mult give way if the prop does not ſuſtain 
their ſum; bur chat whoa the pe rs A. and parc:on the fa * 
4 the prop or fulcrun &(Fig. 19. 1. a ) in which e ile one of them 
5 A, mu pull 3 while the other 8 pulls downwards 
that theres may be an poi ins, it 5 Ade h V loaded with- 
the diſference of the powers «A and B, / Ibe ond of thoſe bY 
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other two as endeavourir to turn the lever about 4 From 
_theſe principles we deduce "the law of N @ 2 rr, mi in the 
1 in 51 following = manner. e Wii's i; ohh 5g 
4 "Supp le firſt two e powers, x BY B Vows 20) 
= in the directions AF, BH, to carry a body) ©, upon th 
Lever a B, placed at o at equal diſtances from them; it is . 
dient, that, in this caſe, each of the powers A and » ſuſtains 
one half of the weight o, by dividing 1 it equally, btn) em. 
Imagine now. that the power a is taken away, and phat, niteae 
of reſting . upon it, the end à Of the lever reſts upon ) at 
Az it is manifeſt that the power p, and the prop at | ” Faf All 
as before, each one half of the. weight o; the prop now acting, 
in every reſpect, as the power at A before; and, the equilibrium 
continuing, it appears, that, in this Haſs” a power 3 equal to 
one half of the weight e ſuſtains and ballances it, When the 
; diſtance of: c from the prop A is one h lf of the diſtance of 
from the. ſame; that is, when n is to 0 as CA to BA, or 
BX BAN C4. From this ſimple inſtance we ſee, that powers 
act upon a lever not by their abſolute force only, but that their 
effect neceſſarily depends upon the diſtance of the point where 
they act from the prop, or centre of motion; and particularly, ; 
that a power ballances a double power. which acts at half its 
_ diſtance from the prop, on the ſame tide of it, with. an $a 
Ron's direction. 221 1 ä 
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1 he 0 hen the two 4 act on \ Mferent Fry of "the 

: „ follows, From this, by the principles laid down i in the laſt 

Lell For let 3x and cc F. 2 7.) repreſent the directions 

and. forces with which the powers n and e act upon the lever; ; 
upon Ba produced take AE equal t to AC, or - = AB and i in 13 

of: the power o fubſ itute an l p power Br at By with an- 
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ge jerry the Fane effec as c, only the p. 
entre of motion, a will now fuſtain the ſum of the 
2x ad os, by che Lr in the laſt article. Bot 
powers 84 and xx will continue 
was before b . en ud ce, fo that the powers un 
a 2x will be , whe the power »1 is one half of 
; + and th + diſlance of nx from the prop « is one half of the 
at ance of BH from the fame; that is, when the power at 8 1s 
to the tam By as AR to an, or BXBASEXEA. In this 
eaſe, the A being loaded with bath the powers 1 and x 
Which 2 the fame direction, its rea @ wal booqual 
fur. Tan- zin, and muſt be in the oppoſite di- 
daten 47. In place of this reaction let us now (Fig. 22.) 
Mbſtieute a power AB at 4, equal to thrice vu; Fe rr 
of da gowin nn, let us ſubſtitute a prop at x, fuftai wat. - 
end. of che lever an; and fiance the æprulibrium continues as 
before, = Oey oe he res or centre of motion, being at 
the pawer an ſuſtains the power as which is whe of BH, 
when the diſtance of an from the prop k is triple of the diſ- 
nc e of the f POR PR MOM that is, when nuxbs 


1 we ſuppoſe the power ux to remain in (Fig. 2 Pr hk IVY 

of the lever Es to reſt upon a prop, then the powers ap and 

BK 15 aſtain and ballance each other, the prop at p w__ 

CEC place - of: De Power H; in which, AF = 233 

In; d that ar is-to Ax as 3 to 2; and the * 

2 and 4 being eb the fame prapartion, it appears that when 
of I t upon a lerer on the 


F 2 


nin 


in the proportion 


W. 
"i 


or centre of motion. By ſubſtituting the prop at ; in the place... 


Oar 3. rn OS pf | ub, ; 


ſuſtain each Sic * % ye. Fg atcl, th „that 
when the Pore are in the, proportion either 11 


10 1,.97, 
3to.1, ꝙ of 3 to 2, and the diſtances of theit applicatic 
from the centre of motion are in the inverſe propaty on, the 

e * in > 6g rt 2% us 
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a conta ary direct 
| rf turn the 19285 round. "the centre e's 


powers 111 oY, BY 2Ging 3 with dure 
muſt ſul ain their ſum - .d It COng N 
of 5 3. e a power at . As 3; And 2 power ing 

* with the ſame dir lirection as 1, * ph a = 
at E, with a contrary directi. e I AK 
by ſubſtituting in ta place of the power L LM a prop at i, that 
a Power at B as 1 ſuſtains a Wer At E as 4% Acting H ich 5 
17 irection, when BL. 18 to EL As: + to x7 L that is, * 
when the powers are inverſely as their diſtances from the prop 


of the power 81% it appear: that a power LM at La as. 35 ſuſ⸗ = 
tains a power, acting with an oppoſite direction, at E, as 4, when, , 
their diſtances.1. and x.» from the prop 3, are to BE 9 . 
as 440 u or When Lx EBS ER NEA. By taking upon . 2, r 
duced;ve=38, (Fig. 24. , 2 and in place qf the power at x, {ubs,,. 
| ſtituting a an equal power at e with a contrary dire ion, it appears, 
bythe |t principle in 3. that a power at L as 3 ſuſtains a power 
Tr | 5 X F zen 
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acting at e, at e: ; with the fame direction, a8 4, when the diſtance Li is to 
the gans eB, As. + to 3. In this ale; the prop at » ſuſtains the 


ſum of the powers aid at 1. and e, that is, a power equal to 
feven times ; H. From which it follows, by ſubſtituting a prop at 
„ OP: place of the powers that act there, that a power at 
e as 4 ſuſtains a power at s as 7,. about the centre of motion 1, 
When their diſtances. from it ei, 3L are to each other as 7 to 
4: and that a power at 1 as 3 fuſtains the power at's as 75 
about the centre of motion e, Hh, their diſtances 828 f it, Le 


and Be, are to each other as 70 to . os i ee hooks 


N 


68 F 4 J 
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4G, By e in 1 deten As pen, a hen the 1 

3 powers are to edch other as number to number, and when their 
dĩiſtances from the centre of motion are in the inverſe ratio of 
the ſame nu mbers, then the powers ſuſtain each other, or are 
uin æguilibrio. From which it is eafy to ſhew, i in general, that 
when the powers are to each other in any ratio, tho incom- 
menſurable, and the diſtances of their a plication from the 
centre 'of motion in the fame inverſe ratio, then they are in 
equilibrio'; becauſè the ratio of HacSmiinenfursble quantities 


may be always limited, to any degree of exactneſs at pleaſi ure, 


5 between a greater ter and a lefſer ratio of number to number: 


And this I take to be the moſt direct and natural proof of 
the law of equilibrium i in the: lever, "the Faded Ig f Fan 
of inechanics.. e 5 . 


1 | 


* 


2 - chap: 2 8 13. And hence it appears, that when the two 
dodies are re to be 8 75 an 0 0 rod void of 
1 1 if the centre a tain 

be fuſtained. » 


5, it is ; the ſame point which was called their centre of g gravity, | 
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Krona doe or wei ohts, v and D (Eg. 23. at upon a 
bigs: at the diſtances 30 —_ pc from the centre of motion, 


the forces with which they act upon the lever ſhall be in the 


ſame proportion of 8x3c to DxDe; that is, in the ratio com- 
pounded of the ratio of the powers, or weights, and that of their 
diſtances from the centre of motion. For the effort of B is 


ſuſtained by a, if ax Ao be equal to BxBC; and the effort of 


the power p is ſuſtained by « applied at the diſtance c A, if 


KXAC=DXDCc. But the efforts of the powers, or weights, 5 
and p, upon the lever, are in the ſame proportion to each 


other as the powers 4 and x, which, applied at the ſame 


diſtance o 4 from the centre of motion, ſuſtain them, or as 
ax AC to kx A, and therefore as px3c to DxDc. From this 

it appears, that when any number of powers act upon a lever, 
if the ſum of the products that ariſe by multiplying each power 
by its reſpective diſtance from the centre of motion, on on e fide 


of it, be i to the ſum of the products that ariſe by mul- 


tiplying each power on the other le of the centre of motion 


by its reſpective diſtance from it, then theſe powers ſuſtain each 


other, and the lever is in  epuilibrio. But by what was ſhewn 


in g 13. chap. 2. the centre of motion coincides, in this caſe, 


with what was there called the centre of gravity.” "Therefore 
if any number of powers or weights act upon a lever, and, 


their centre of gravity being determined by the conſtruction i in 


that article, if the prop or fulcrum be applied at this centre, 
the lever ſhall be in equilibria. In the ſame manner, if any 
number of powers or weights be applied upon a plane that 


1 00 ſhall be in æpuilibris : for; by thaterticle; the fomy of 
pro &s that ariſe | by multphing n o wer by its re- 
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eſts upon a given rig right line 11, (Bg. 26.) and the centre of 
gravity of all the p 8 ; or weights Halt upon that line, the 


e r L8 


9 


e different ſides of this axis, their efforts to move the lane 


6 Lor - and 


a7 


- $ 


he lever, all on one fide of . 
he centre of gravi of all 
me, is on one { ſide 0! 


equal to their 


—AX A ONE 
poweis B 


| When the centre of 
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all es 2 or e were hae woe together -a at that 


n 


oo. Sir-J/aac Newton demonſtr: 
tion concerning the lever, from the reſolution of motion. Let 


e 27.) be the centre of motion in the lever K L; ee 


be any two Powers, applied to it at x and 1, ading i in.the 


eftions Ka and LB. From the centre of motion c, let cu 


— oN be perpendicular to thoſe directions in M and &; ſup- 
poſe o to be leſs than c N, * the centre c, at che 
diſtance c w, deſcribe the circle x N b, meetia gx Ain D. Let 


the power a be repreſented by 5 a, and let it be reſolved into 
the power d acting in the direction © , and the power v 
perpendicular to c o, by completing the parallelogram a » Þ 6, 
The power v G, acting in the direction e » from the centre of 
the circle, or wheel, oH towards ity cream, has no 


effect in turning it round: che centre , from o towards u; and 
tends'only to carry it off from that centre. It is the part dv 


only that endeavours to move the wheel from o towards x and 
u, and is totally employed in this effort. The power s may be 
conceive to be applied at x as well as at 1, and to be wholly 
ampere in endea e to tura the wheel the w way, 
rom x towards x and 5. therefore the power ; be equal 


tha pare of wh eee eee 


F aged muſt Banz each others nr cy 


uſe of the fimil: Toy Elche bange Ar b. 5 p 1. ky as CM 
0 ob, or 2s c M to cx, then the powers mult be 1 in equilibrio 
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| is 8 galten e 
of the diſtances my their — . —4 
of motion her e Leer of the one _ 
equal. ta the product of go power on the other fide. mul tiplied 
by the like diſtance from it. 23 17 
10. II demionſtration common] y. aſcribed to. Archimedes 
EY : founded L upon this principle, Sit: when any cylindric or 
| priſmatic | body is applied upon a lever, it has the i effect 
as if its whole weight was united and applied at the middle 
t of its axis. Let A ip. 28.) be a Cylinder of an uni- 
orm texture, point; and it is manifeſt, that 
if the ; point 0 _— equal halves of the cylinder, 
And o, will ballan © each other about the point c, an 
the | body will remain in equili o. Let the cylinder à 5 be 
al parts, Aa D and D; biſect 4 
and o „ in r; then a power applied at x, equal to the 
of the part 4 v, with a contrary. direction, will ſuſtain 
t z and a power applied at , equal to the weight of. the part 
D with a- contrary direction, will ſuſtain that part 
theſe two powers acting at E and v, reſpectively equal to the 
weights of . 4 D. and D B, have preciſely the ſame effect ASA 
prop at c, ſuſtaining the whole cylinder A B, and i may be con- 
ſidered as in WE with a power, acting at c, equal to the 
whole were it of the cylinder. But the diſtance c E A-AR 
2A D == x" DB; and, in like manner, the diſtance C E 
W a aB—:2D AD: conſequently c x is to cx, as 
to 4 5 3 that ie, as the power applied at v to the power 
applied atx, theſe being in equilibrio with the 2 of the 
le e linder en at c. F rom ne a it t 
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e e wm cr to c By” n one Py ee ee the 


15 Might ths likes AB G. 29 ) with this v waht wy 6 
B, to turn round the centre c; he bodies a and B will de- 
ſeribe ſimilar arcs a 4 and 35; and 46 will be to 8 6, as c a to 
oB, or as B53 to 4; conſequently AX A@G=BXBO; that i is, the 
momenta, or quantities of motion, of A and n will be equal; 
and conſidering one of them as the power and the other as the 
weight, the power will be to the weight, as the velocity of the 
weight to the velocity of the power. Therefore in this, as in 
all mechanical engines, when a fmall power, raiſes. a great 
weight, the velocity of the power is much greater than the 
velocity of the weight; and what is gained in foree is there- 
fore ſaid to be loſt in time. In like manner, when a number of 
. powers are ſuppoſed to 40 upon the lever, and it is turned 
wound about their common centre of gravity e, mw fums il 
5 . momenta on he different dey! of c are qual 8 
> 4 13. ;.The . or BEIT is ; commonly diſtinguiſhed 1 into ie 
Kinds, In the f, the centre of motion is between the power 
2 weight. In the ſecond, the weight is on the ſame fide of 
the of motion with the power, but applied between 
them. In the hir, the power is applied between the weight: 
and centre of motion. In this laſt, the power muſt exceed 
che weight, in proportion as its diſtance from the centre of motion 
is leſs than the diſtance of the centre from the weight. But as: 
the firſt two ſerve for producing a flow motion by a ſwift one; 
fo the laſt ſerves for producing a ſwift motion of the weight 
by a flow motion of the power. It is by this kind of levers 
that the muſcular motions of animals are performed; the 
muſcles. being inſerted much nearer to the centre of motion 
than the point where the e centre of gravity of the weight e 
* r 
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8 Sj ine, 
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* at c (Pig. 30.1 
hed the former caſe ;: that is, if 
ed at B to the arm cn, and the wei 
s of a pulley u, in 
the power and 
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| , e parts: 
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chat the eden which tends wp break the greater beat at , 


| greater than that which tends. to break the leſſer 
beam at 2; but that the effort, which, on he .other hand, 

endeayours to preſerve the adheſion of the greater beam entire, 

is only eight times gre e the 

A in the leſſer beam. In general, it will eaſily appear, 
in the ſame manner, that N d 2 leſtroy the ad- 

heſion of the beams, ariſing from their own gravity only, in- 

ee in the quadruplicate ratio of their lengt n that the 
_ of 3 F wo ng . e their alen N 


5, that w. = appears very firm 

id ſucc „ in models may be very weak and 

or eyen fall to 9 — by its weight, when it comes to be cxe- 
arge di ben according o the model. $623 


ceſſarily limits i in the aer. vo nature _ art, which they 


not ſurpaſs in magnitude. Were trees of a very enormous 
e, 17 branchen would fall by thei: own 2 , Large 
re were any land- animals much larger chan thoſe | we _ Ig 
= V old — move, and is be 1 ſubjected to 
moſs. een n. o_ ang of he 9! in- 
thoſe ar nal great e — in "fac ** are N e | 
to be — "alt larger than the greateſt land- animals. 
Nor does it avail againſt this doctrine to tell us, that bones have | 
| hoop found "On were ſuppoſes to have belonged to giants of 
2 an 
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1l experience, we naturally roma the idea of greater 
ſtrength and force with the groſſer proportions, and the idea 
of agility with the more delicate ones. In architecture, where 


and ſtrength, this is particularly conſidered, in order to ſatisfy 


" judicious eye and taſte; the various hae of the columns 


ſerving to ſuggeſt different degrees of ſtrength. But, by the 
Ame principle, if we ſhould ſuppoſe ned vaſtly large, from 
the groſs proportions, a heavineſs and vnwicldinck would ne- 


arily ariſe; which would make them uſeleſs themſelves, and 


| difagreeable to the eye. In this, as indeed in all other caſes, 


whatever generally pleaſes: taſtes not vitiated by education, or 
by fabulous and marvellous relations, may be e till it ap- 


pear to have a juſt foundation in nature; tho the force of ha- 
bits is ſo ſtrong, and their effects upon our ſentiments ſo quick 
and ſudden,” that it is often no eaſy matter to ee by . 
e the og of an wen Win th e tg, vga 
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|; "99g 17. er have inffted ar 91950 Joplin the lever, that 
wi mav 5 in treating of che other mechanical powers. 

1 ie common Salts is a lever that has equal 
(Fig. 32) with the centre of motion c commonly; placed di- 


wel © over G. If the centre of motion was in o, equal weights, 


F ; 


| from” 1 and R. would ſuſtain each other, 1 1n any 
of the lever u z but when the centre of motion is 


. fuſpen e 
; poſiti TON 
2 5e o. they faf {ain each. other 
only; and when the weight at/a is but a little greater t 
weight at 3, the 
dul their common centre of gravity. g ſettles.in the venical oy 
ei; where th ey ſuſtain each other, -þ 


; gravity is ſuſtained by e. The ballanee'is Clan thilaltes 


* 6 


5 a and GB are or : and the exaRnchs of this inflrument 


the a . of ſolidity is no leſs regarded tlian real firmneſs 


arms 46 and os, 
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has the ſame effect as if it was applied at the a R of its 
direction, acting in a right line perpendicular co „ 


19. The fmple pulley. ines andy change: the * ti 
Fe or motion, without any mechanical advantage, 
any diſadvantage but what ariſes from the friction. Let u. 
f.) repreſent a ſimple pulley, - x w the rope that goes 
5 the pulley from the power x to the weight W; and it is 
a0 that if 2 and be equal, they will ſuſtain each other 
5 as if ſuſpended at equal diſtances, M A and M B, ITC 1 the centre 
of the lerer 4. But, if beſides the fixed pulley ., there be 
(Hig. 35.) another moveable pulley, L, to which the weight w is 


| fixed, and the rope that goes from tlie power v, Over the 
fixed pale , and under de eee e 


above at's, then it is manifeſt that the power y ſuſtains only 
one half of w, becauſe the rope x N ſuſtains only one half 
1 ty. the aber half Weng. ſuſtained wel the rope x x. 


— 


There i is an x obvious. ae ee this caſe of allies 
nd that wherein a power t weight at half its 
iſtance from the centre of motion; on the ſame ſide. For if 
be the jameter of the pulley 1, at whole extremities the 
para lel ropes, A B and B x, touch it, the power » may be con- 
cciyed to be applied at z, the weight wat L, and the centre of 
motion to be at 4. If we ſuppoſe the power v and weight w to 
move, as v is equal to one half of w, fo the velocity of w is 
one half of the velocity. of e, or 2 multiplied by! its velocity 
gives a product e equal to e its velocity; for, that 
the weight W may be elevated one inch, each ;of-the. parte c of 
the rope 2 K and K & muſt be ſhortned by one inch; and tl 
hat draws the whole rope from x by k and d, Ait 5 


id two inches. A ſimilar reaſoning * be applied to all 
20. When 


the combinations of pullics.. 
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5 APE 1575 4 


x 5 into th 
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Aallel to their reſpective directions, and, conſequentiy, as the 
5 | fa triangle p perpe ndicular to their directions I ſuch 
| : being evident af r to the former But ar is . 2 


alert cb 2 


. ! 
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diculat to the directions in Which their reſiſtances are 


of tlie ſides of the cleſt v and p r, the proportions of the 
a ay; be Sn, from the fame principles. 
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| 2 22. . 1 \ 
an ern motion, upon its curve ſurface, while this ſide i is 
itſelf carried with an uniſorm motion about the axis of the cy 

linder, the line traced, by this compounded motion, upon Ty 


curve 1 5 of the We is called ed a Spiral: When this 


line is raiſed upon the external ſurface of the cylinder, i it is called 
the external ſcrew; but if it is carried on in the internal ſur- 
face, it is called the internal 7 5 While one of theſe is con- 


. verted pat. the other, one of them 7 2 to be fixed; and 


{queezing or moving 


. machine of grea t force 
Ik à poi 
. parallel to the ry it will ſuſtain the weight W 
whieh i is to be raiſed, if it be to w in the ſame x 


ference of the circle deſcribed by. the power r; becauſe while 
t Rn makes a compleat re Qution, the gew. advances by 
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or the, power that ny impells it, is ſuppoſed; to act; and br, vx 


up A co e the power that impells the wedge 
an thoſe e ee. are in the ſame proportion as E F, D E and 
vr. If other ſuppoſitions are made concerning the reſiſtances 


en a Point m moves e che ſide of a cylinder, with 
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angle A e E ought to be of 63*. 26 If c a then a cz ought 

to be of 74*. 19. This obſervation is of the more importance, 
becauſe, in this engine, the velocity of the parts of the fail re- 
Pe from the axis, bear * conſiderable ropart. n to the. Ve- 
bes af the and perhaps ſometimes are equal to it; and 
N E dig Mr. Daniel Bernouilli has drawn an 
e conelukan. from his i in his bydredynamics, 
by miſtaking muy ; Where he infers, that 
Fair; in whith-the wind: Rrikes th the fail ought to decreaſe 


as the diſtance from the axis of motion increaſes, that if c 
Tn ght to ſtrike the ſail in an angle of 45 and that, 
if the be 0 ane plane, it ought t be inclined to the wind, e 


at a 1 _ —.— aheut 50, How be — iy eſe 
| yr og Ma en 


it ought e N _ xd after the mo ALES, 
Ye! eral, Et. _—_ parallel e © M be to 05 as the Nee wage 


drawn DG! e 0 0 By! and let a circle 1 
ceme:g ar 9 ths: — D 0 in 83 J _ hes; p 
all advantage dus ſituation for promoting tł 
3 ine, When it biſects the angle ac. g. It 1s 
anal y fuppaſed,. that a direct wind always promotes tl © 
motion #7 a ſhip, the ſail, being perpendicular to the wind 
more than any ac awd; 19 ous has been affirmed in ſevera 
late ingenious treatiſes: revent miſtakes, we are 
obliged to obſerve, that hace ontrary has been demonſtrated. in 
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nious contrivances have been invented to correct the irregula- 

ities of thoſe movements that go by ſprings. Some have en- 
deavoured to find a perpetual movement, but without ſucceſs: 
and there is ground to think, from the principles of mechanics, 


that ſuch a movement is impoſſible. In many caſes, when 
bodies act upon each other, there is a gain of abſolute motion; 


but this gain is always, equal in oppolite directions, and the 
quantity of direct motion is never increaſed. To make a per- 


petual movement, it appears neceſſary that a certain ſyſtem of 
bodies, of a determined number and quantity, ſhould move 
in a certain ſpace for ever, and in a certain way and manner; 
and for this, there muſt be a ſeries of actions returning in a — 
cle, to make the movement continual; ſo that any action by 
which the abſolute quantity of force is increaſed, of which there 
are ſeveral ſorts, muſt have its correſponding counter- action, 
by which that gain of force is deſtroyed, and the quantity of 
force reſtored to its firſt ſtate. Thus, by theſe actions, there 
will never be any gain of direct force, Ny overcome the friction 
and the reſiſtance of the medium. But every motion will be 
abated, by theſe reſiſtances, of its juſt, quantity ; and. the mo- 
tions s of a 1 muſt, * ena; anguiſh and ceaſe.” ty, 


32. Te 0 illuſtrate this, it is — * that. by 1 io 
F ALY there is a gain or increaſe of the abſolute quantity of 


force ; ; as the two forces az and 4D (Fig. 2.) taken together, 
ceed the force: a c which, is reſolved. into them. But you can- 


8 0 not proceed reſolying motion in infinitum, by any machine 


5 whatſoever; but thoſe you have reſolved muſt” be again com- 
pounded, in order to make a continual movement, and the 
2 obtained by the reſolution will be loſt again by the com- 


er 25 Wa" manner, if you ſuppoſe 4 and 3. (Fig. 42.) 


be perſecthy elaſtic, and that the leſſer body a ſtrikes » qui- 
elc Dy them wall be an increaſe. of the abſolute quantity of 
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enable it to act upon the body and keep up with it. Thus the 
whole action of the wind is not employed in accele ating the 


motion of the {hip, but only the exceſs of its velocity above 
that of the ſail on which it acts, both 


it is the laſt ſpring only which acts upen the body by contact, 
kd ab re dirt nl et bs its action; 


_— in a given body, than in proportior 
ble power, ke that of gravity; ' 


to that velodity. 


pre nee a double motion in another ef the ſame 
kind. 1 — ulfes, ac 


be generated by the fiſt i 5 Hocauſe the:ſocond impulſe 
has ncenfily e ke fect 1 ead 


| pon-the body, which ds already 


In like manner, if there i . ind ad- ene 
— third will have leſs effect than the ee and the - fourth 
than the thad., From this it appears Wear 
make to a ſpecious argument that is a to ſhew the poſ 
fibility of a perpetual motion. Let the height a 3 (Hg. 43.) 
be divided into four equal parts ac, ep, DE, EB: ſuppoſe the 
body a to acquire, by the deſcent a c, a velocity as 1, and 
this motion by any contrivance to be tranſmitted to an equal 
body x; then let the body a, by an equal defcent ep, acquire 
ihr motion as 1, to be tranſmitted likewiſe to the lame 


body 5, which in this manner is ſuppoſed to acquire a motion 
as 2, that is ſufficient to carry it upwards from s to A; and 
becauſe there yet remain the motions. which 4 acquires by the 
deſcents D E and x *, that may be ſufficient to keep an engine 


in motion, while 3 and 4 aſcend and deſcend by turns, it is 
hence concluded that a ſufficient gain of ſorce may be obtained 


in 


being reduced to che 
ſame direction. When motion is produced in a body by ſprings, 


5 and hence a 
_ greater mumber-of ſprings is requiſite to produce a greater Ve- 


Produce a double 
10 in the ſame time ; . motion in an elaſtie | 


bedy, will not produce a motion in it double when man 
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1.4 H o the laws of motion and principles of Fr 
me te ſufficiently explained and eſtabliſhed in the 
preceding chapters, it will be of uſe, before we proceed to ap- 
ply them to fubjects of a higher nature, to conſider the moſt 
ple and obvious motions and phænomena that are derived 
chem; by which they may be farther tried and examined, 
ur of reafonin from them juſtified : and theſe 
are the motions which are roduced by bodies impinging. upon 
e another, Which fall prom under => ob Ee 3 
can be repeated by us in exper iments. It is always from the 
ue kind of phenomena that we can trace with the : 
greateſt . certainty the analyſis *. the laws of. nature; from | 
which we afterwards, may prgeeed to, ſuch, as are more com- 
plicated ar | abſtruſe but it would, 55 contrary. to the rules of 
good method to begin witli the! A, It would be Fery pre 5 
poſterous, for example, in defining or aſcertainin g the tr 
notion of the inertia of body, to begin with chymical | DÞ7 
ments concerning fermentation, the ſolutions of bodies by men 
ſtruums, the phænomena of generation and corruption, or 
others of that complicated Kind. If we ſhould begin with 
fring our attention on theſe, we ſhould be apt to aſcribe to 
body an activity which is really repugnant to its nature. It is 
from. obſervations and experiments concerning the ſenſible and 
groſs bodies, that we muſt acquire our knowledge of the firſt 
principles of this ſcience. The doctrine of the colliſion of 
: bodies was. TE Hut: and clear, and deduced 1 ina ſatisfactory 
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Wanner from the „ be ore ſome late authors en | 

| . * their new doc 5 e concerning the eſtimation of 
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* U endeavour to. deduce it, in a plain and 

| principles \ cſtabliſ ſhec and il- a 
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| me - ſt 1 AY it A cont 4 5 order, their firſt ſituations. The 
x ations. of. elaſtic. bodies may be explained by imagining 
g K L. placed betwixt hard bodies a 4 Bs (Fig.. 14.) ;. for 
the ſprings muſt have the ſame effect in this wg as the elaſ- 
ticity of the parts of the bodies in the other caſe, If à move 
towards 5 1 compreſs the ſprings, and, by. their mediation, 
act on 3, the (| rings will become more and more compreſſed, 
till the two bodies have equal velocities, in the ſame direction; 
and then, no force acting on the ſprings, they will have liberty 
to begin to expand themſelves; which they will do by the ſame 
degrees as they were campretſed, in a contrary order: and 
this is the ſecond. period of the action of the bodies on one an- 
other. In Be. a ioc of the action o elaſtic bodies, or 
4 © na ag intervention of ſprings „ the ſame Hoa 


* + * * 


af this period the reſpec ive GEAR i ws 100 1 4 is Aeteeped, . 

a in the nt when it ceaſes the ſecond be gins, the velo- 
cities :of the. bodies in the ſame direction 4 now equal. 
In this ſeconc Period of the action of the bodies, if the elaſticity, 


perfect, the ſprings expanding themſelves by the fame force 


With which they were el the bodies muſt be ſeparated 
with a reſpective velocity equal to that they had before their 
callifion ; a whatever motion was added to, or ſubducted 
from, either body, in the firſt period, as much will be added 
do, ar ſubducted 1 it, in the ſame e b in the ſecond; 
15 05 that there will be twice as much force loſt, or twice as ah | 

at pt he bodies had been. g hard. 


. Loa by gither, 18 

s The effedts produced in the firſt period of the aliion of f 
| bodies that have an. im perfect 1 are the ſame as when 
the bodies are perfectly Ai, but, becauſe their parts recover 
heir firſt ſituations with leſs force than that whereby, they. were: 


iſplacec 1 them, chere is leſs force log or A in the 
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pa ts indeed, b by which they e whatever is loſt by it, and 
loſe 1 none of what they thus acquire, but by communicating to 


other particles; nor is: it of moment how far they are moved 


from their places, but what. force is communicated to them, 
which it is not poſlible to conceive they can loſe by merely 
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gravity being carried along with them, their F 1 iy 
vill be:the ame as the velocity of that centre, whic L (by 

chap; 2.) is theiſanie after the ſtrołt An heide in 
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of. gravity moves from 00 b, the Place 
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vlc og x after the ſtroke is imenſuted bh c gand the dif- 
ference of ES And cb, rte wit. 568, * ual to the dif- 
ference of C and vp, it follows, that n Fig the velocity we 5 
after the ſtroke. If » have no motion before the ſtrokt let 
"AB repreſent the velocity of a, take c equal and oppoſite 805 
e, and K, xl, will keptefent the! velocities of à and 5 after 
the ſtrokke: in which caſe, the velocity of * before the ſtroke 
is to the velocity of z after it; as A* to 55 or 20 55 that 18, as 
one half x» to on, antl therefore (by the property of the centre 
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ef $4 ih; the eic toi“ 11 5005 ge 0 l SH 00 LIED 
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from the phænomena, the true figure, magnitude and motions 
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Fey — 15 3 W ways & 1 a judg-, 
5 ment concerning the diſtances of objeds, when they are not 
very remote from us; as by the Aren diſpoſition of our 
eyes when we look at a near object with both; it being mani- 
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goes too far, when he tells us that viſible magnitudes are to be no more accounted 
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right line DE; the angle contained by which, a pc, 
ſhews how much the poſition, ng the object D. Varies 1 re., 
ſpect to the two ſpectators. When this angle is great, the diſ“ 
tance Ap bears not a great N to Ac; but when this 
angle is very ſmall, as when the object is removed from nato n, 


then its diſtance from. A muſt, be much greater than AC the diſ- 
4 tance of the two ſpectators or ſtations ; . becauſe ae is always | to 
45, as the fine of the angle apc to the fine of Ac, by com- 
mon trigonometry. Thus when 4c conſiſts of ſome miles, 
and Þ repreſents a cloud, the an gle apc is found to be conſide- 
rable; and thence we learn that its diſtance is not very great. 
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vi. For tho the centre &, the objeck p and the ſtar x (ab- 

1 ſtracting from their proper motion) be ſtill in a ſtrait line, yet 

pP and z are no longer in a right line with a the place of the. 
1 1 4 but while p appears to be fer” at r, the ſtar appears 


horizon : at that place. 
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the pole increaſes gradually and regularly with the diſtance 
from the equator. The equator endl 15 appear to be cir- 
cular from the regular daily progreſs of light, from calt to weſt, 
along their ſurface. The ſun arrives at the meridian of places 
tthcat are more eaſterly, ſooner than to the meridian of thoſe 1 
that are towards the weſt, in proportion to the diſtance of the e 
meridians meaſured upon the equator. The ſpherical figure of the 
earth appears likewiſe fro from levelling, here it is found neceſſary | 
to make an allowance for the difference between the ap pparent 
and the true level; the former being a: plane that touches the 
_ earth's furface, the latter the ml 4 65 ell which * 
bow the e n. * 5 1 WO 
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o de. But we have the: plaineſt and wol god 155 7 ths 
| WE figure of the earth, from that of its ſhadow projected 
on the moon in a lunar eclipſe; For this ſhadow being always: | 
| bounded. by an arc of a circle, it follows that the earth which . 
Projects it is of a ſpherical figure. If there was any remarkable 
angle, or very conſiderable irregular protuberance, on the earth, 
it would, on. ſome occaſion or 2 N by the ſhadow. - 
The mountains, indeed, are irregulai n the ſurface of the 
carth; but they bear fo {mall Se its vaſt bulk, that 
- they make no appearance upon its thadow. . There i is likewiſe 
-a gradual riſing from the ſea thore towards. the inland parts of 8 
ſtthße great continents; as in Europe from the ſhores of the ocean, 
the Mediterranean, and. E uxine ſea, towards Swizzerland.;, but 
this gradual rifing is fmall, and has little effect on the figure of 
ä if, it was conſiderable, it would carry the inl inland: 
parts too high in the atmoſphere; but it is ſufficient for giving, - 
2s a-conrſe to the rirere: and: preſerving the beautiful cixculations 
of water, i neceflary to the good condition of this: lobe; and: 
the extent bb: the continents bas been abahe wan red with a 
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fluid ſurface, or level, on the concave fide ; and that dire dne 


would be on one level, and no one. part would have a pre- 
eminence above the reſt i in this reſpect; 


firmneſs = ſecurity. Thus there is no Ae in conceiving 
that n arc.  Antipages ; 3 and it appears 

F bodies ſhould fall of 
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being upwards which lies in a e ee, e e ee Ss 
the. convex fide. - Was the earth all fluid, all the ſurface 


& ; and bodies would be 
ſuſtained by the earth equally round all its ſurface with equal 100 


s equally abſurd that 
from any other Mr of the earth, as that 


11. This {cis of gravity en to all 9 5 avon 
the earth. For the gravity of the air being eſtabliſhed beyond 
all diſpute, by the brand, experiments of Galileo and Tor- 
ricell, and many others of the ſame kind, it eaſily appears 
that all 5 8 bodies whatſoever are heavy, or gravitate to- 


ads only. from the greater gravity of the ambient air, 

makes them riſe bn for the fame reaſon that cork 
1 . qu . or from their being 
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s. And * ivobvious that che oute of the day, which | 
re face: 2 any one place, are tent when you take 
in the whole globe; ſo that mo hour of the day can be aſſigned; 

but a meridian can be'likewile aſſigned where it is that hour at 
this preſent time. The le boriznn of any place is u plane 
perpendicular to the plumb-line at chat place; and tangent to 
the earth's ſurface there. The rational 094209 is à plane thro? 
e earth's centre parallel to this,” whoſe poles are the zenith 


ſame manner ab the north and ſouth poles of 
pole: of Ne 1 


The particular phæ- 
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effects of refraction and eight, and, the elliptic figure af the 
earth's orbit; but, in conſequence of theſe, the time in which 
ay co rladerably exceeds. what. ia. commonly called 
might, particularly i in the northern hemiſphere. The ampli- 
tude of the ſun, or his range upon the hor 
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caſes, its gravity; is meaſured by the preſſure of the quieſcent 
body upon the obſtacle that hinders its motion. - Secondly, 


when a body deſcends in the vertical or plumb- line, its mo- 


is 2 in conſequence of the power of 
gravity's acting inceſſantly upon it; or if it be projected up- 
Wards i in the _—_ —_ line, its motion is continually retarded, 
e of the ſame power's acting inceſſantly upon it 
th a contrary direction: and, in ſuch caſes, the force of 
gravity is — — by proj acceleration or retardation of the 
the motion produced in given time, by the power continued 
for that time: but if the body deſcend. or aſcend 
along an inclined plane, or move ina reſiſting medium, then, in 

ky this power, due regard muſt be chad to the principles 
of - mechanics deſcribed in the pr book. Thirdly, "_ 
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bace in a Ace time; 10 that the moon deſcending 
gr _ 3 would neceſſarily fall four times 
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in one minute, at her leaſt 
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propor- 
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is, inverſely as the ſquares of the diſtances. In the ſame man- 
ner, it appears that when the greateſt and leaſt - diſtances are 
ſuppoſed to be in any proportion of a greater to a leſſer num- 
ber, the velocities of the revolving planet are in the inverſe 
ratio of the ſame numbers; and that the powers, which bend 


its motion into e are in inen ratio NOS N. 
| om rang ade e 8 = u fl 


"ry cord et 17 WF" 530 8 80 centre Ade 
Pry AL Þ the moon's elliptical orbit, a the apogacum, p the 
 perigaeum, AH and Kk the 2 at thoſe points, à and 
PN nx {mall aros deſcribed by the m moon in equal times, at thoſe 
_ diſtances ; MH, N k, the ſubtenſes angles of contact, 
cn by the tangents in ee then MH and N K will 
be equal to the ſpaces which would be deſcribed by the moon, 
if allowed to fall freely from the reſpective places A and v, in. 
equal times; and will bei in the ſame proportion to each other, 
as the powers which act upon the moon, and inflect 1 8 
. places. Let ann be taken equal to v , and n þ, pa- 
rallel to a », meet the tangent at ain h; then, becauſe — 4 
curvature of the ellipſe is the ſame at . at 2, mh is equal 
to x N; and, if the moon was to fall freely, from the places 
» 8 a, towards the earth, her gravity. would have a greater 
effect at v than at , in equal times, in proportion as n h is 
gende than M H. But n b is the pace which the moon would 
deſcribe freely by her gravity ar a, in the time in which ab 
would be deſcribed by Her projectile motion at 4; and 11 H is 
the N thro' which — deſcend freely by her gravity 
at 4, in the 1 e in which an would be decenbed by ber pro- 
times, ee chat m h is to MH, as — 7 4 300 the 
3 ſquare of An, or (becaufe of the equality of the areas ꝓ an, 
1 ws); as Us. (pare of re Ki: ſquare of 1 A4. "Their | 
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the earth, is able to make her deſcend in one min te th 
197. Parifian feet. This power i roaches t 
the earth: in order to' ſee what its Heels wel be ack fin 
face of the earth, let us ſuppoſe her to deſcend fo low in her 
orbit as, at her "leaſt diſtance; to paſs by the ſurface of "the. 
earth. She would then come ſixty times nearer to the centre 
of the earth, and move with a velocity fixty times greater, 
that the areas, deſcribed by a line drawn from her to that 
centre in equal times, might ſtill continue equal. The moon 
therefore paſſing by the ſurface of the earth, at her loweſt diſ- 
tance, would deſcribe an arc” in one ſectad-of time (euch is 
the ſixtieth part of a minute) equal to that which ſhe ide 
ſcribes in a minute at her preſent mean dee and would 
fall as much belos/ the tanpent at the x 
in a ſecond, as the falls from th tangent at hee mean diſtance in 
a minute; that is, ſhe would fall near the ſurface of the earth 
rich Parifian feet in one fvond of Mme Now this is exactly 
che ſame ſpace through which all⸗Heady bodies are found i by 
experience to deſcend by their gravity, near the furfate of the 
earth, as we obſerved above. 10 The moon ; therefore; would 


, at the ſurface of | the eartli with che ſamervelocity, and 
erery way in the ſame manner, as heavy bodies fall towards 
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her gravity inereaſing in proportion as the ſquare of her diſtance 
from the centre of the earth decreaſes; her gravity. would be 


wb 60 times Due near the ſurface of the" earth: than at her 
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2 AVING. ſtd. that 8 EY 2xtended f 

I ſurface of the earth to the moon, andto.of liſtance 
upwards, decreaſing in a regular courſe as the {quarts of thoſe 
diſtances increaſe, our author did not ſtop, here: ag any oon. 
ſiderable diſoovery in nature generally opens a new ſcene, fo 
valuable a one as this could not be barren. 1 in Sir 1/aac. Newton a - 
hands, The gravity of, the moon ſuggeſted to him the uni- 
verſal gravitation. of water 3 and ſo fucpeiful an account of 
the oh ſyſtem, þ the ſame. princible. The can cannot 


ſyſtem but of the moon only, with which "ws forms one of 
thoſe leſſer ſyſtems of which the'vaſt ſolar ſyſtem conſiſts. The 

nen p amet, Mercury, and Venus, — not ſo much as in- 

Rs h their orbits, but manifeſtly revolve round 

1 he : fun 3 for ee they are farther diſtant from us than 

the ſun, and at other times paſs between him and us, but 

olite to the ſun, or appear removed from him 

cer tai x arc, which is called their greateff elongation. 

3 he higher planets, Mars, Jupiter and Saturn, move in 


* | orbits which Snclude 'ithe earth indeed; but it appears from 


ns N 8er Sometimes they na as ried: in 
theſe orbits f from weſt to eaſt, ſometimes they ſeem þ ationary 
or without motion, and at other t times * appear . 
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2. The motions of all the planets about the ſun are conſtant 
and regular. They all move. avid High. Hom: hg to 


al and in the left. obie. 
| 28 days. ＋ be 


, according ax it appears to us caſt- 
E lun, and conſequently et ater ar 


; Fay 1 ee i 
fupiter revolves, With bie 


. bs 
* 


— 


' Citar. 33 PHILOSOPHICAL . 2 287 
the earth's; mean diſtance be repre 


numbers 38710, 72333, 152369, sees oe. 
a R 70 1 F {4 iH 51 


— „„ 


hie diſlances ;of Mercury hail Venus are determined by their 
greateſt clongations from: the ſun. Let s (Eg. 54.) repreſent the 


wee e a gens, is grea 
2 8 * dug e at's, | it follows cha 
e eee 


tance of Fes & 


ads in duch as hw Gatell es, 

For example, let 1 (Nx. 550 5 ept 

i the right line.s ning den altes ob. 3 01 

produced to , 1 ſhall 1 wn 
the poſition of which 1 Is dete mir J by d 

23, and ſhews the Helin enriplace of Jupiter, LY i «place 

b of Te ee, TIE ws 6 Fuer whe» wes ed 
difference of thoſe places gives the angle 


ay. al che : | len. .ofit me 


ofthe: W — — 
i; of 3 


. * * 


** 3 1 
ii lid 0 L 


and ſu ppoſing a ng, e- e wee. ud 


angle 1e, the | clongation .of Fupite 


r ny 
> * 


= 
* - 


ä 


. b e n 


K — . 


| un ao it would ap 
ſun pra 6 


85 7 I. 
« I 9 & . | | a 
5 * {35 5 
* 
1 4 af : 


hu: Jl PAI 0 SOPHICAL DISCOVERIES. 239 


poli - "We hea ears, — (chat he | ins of ths fa 
4 vaſtly greater than that of the moon; for it is obvious that 
the nearer the angle s r approaches * right one, the greater 
muſt the diſtance * be in proportion to 1 L; atid that if this 
diſtance 8 was infinite, then ert would de a right angle. 
Non aſtronomers find it very dif nee eee 
tween We- cee r-. angle, or between 
appears to be biſected and the'q 
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days, 5*, 43, would be to the ſquare of 365 days, 
the cube of the moon's diftance from the earth APR ec 7 
the ſun's diſtance from the ſame: from which it is eaſy to com- | 


_ any of che planets from the fun com tt 
harmony of the ſyſtem will appear complete. The retrogra. 
dations and ſtations of the planets, and the many apparent ir- 
regularities in cheir x motions and diſtances from the * 
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ſons ; ſome of which were briefly mentioned in $ 1. 
and 2. By comparing the periodic times of the primary Fo 
nets and their diſtances from the ſun, and by comparing the 
periodic times of the ſatellites that revolve about Jupiter and 
Saturn with their reſpective diſtances from their primary planets; 


it appears to be a general law-in the folar ſyſtem, that when 


ſeveral bodies revolve about one centre, the ſquares of the pe- 
riodic times increaſe in the ſame Proportion as the cubes of the 
diſtances from that oentre; that is, the periodic times increaſe 
in a Higher proportion than the diſtances, and not in ſo high 


a proportien as the ſquares of thoſe diſtances, but accurately 


as the power of the diſtance whoſe exponent is 12, or as the 


number which'is a mean proportional between thoſe numbers 
chat repreſent the diſtance and its ſquare. The earth is the 


centre of the motion of the moon, in all the ſyſtems. If the 


- fun* likewiſe revolved round the earth, we ſhould: expect that 


the ſame general law would take place 3 in their. periodic times 
and- diſtances- compared together; or that the ans 80 27 


pute that the ſun's diſtance ought to be little more than 53 


times greater than the moon's diſtance ; whereas it is evident, 

from the minuteneſs of the ſun's diurnal parallax, that the ſun's s 

_ diftance is ſome hundred times greater than the moon's: diſ⸗ 
tance from th 


> earth, But if, with Copernicus; we ſuppoſe! the. 
earth to revolve about the far / in an orbit placed betwixt thoſe 


of Venus and Mars, this law will be found: to obtain be- 


tween- the periodic times and diſtances: 
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o , the diameter of the earth's orbit, or double diſtance of 
the ſun. Vet it is certain that aſtronomers; hitherto; have not 
been able to diſcover any difference in the apparent ſituations of 


tlie fixed ſtars, with reſpect to the axis of earth or tb = 


another, that can ariſe from the motion of the earth; 


ſince the reſtoration of the Pythagoreun doctrine, they have 


taken great pains to examine this matter. In anſwer to this 


1 objeftion, it is obſerved; that the diftance of the fixed ſtars is 


to very great, that the diameter of the carth's orbit bears nc 
ſenſible proportion to it; fo that the angle-r 2-7 is ob to be 
diſcovered by our exa@clt inſtrumentts. Nor is this immenſe 
diſtance of the fixed ſtars advanced by the Copernicans as an 


| : hypotheſis, _ for the fake of ſolving this objection ; for, 


- the fixed ſtars I bee the, 


they had gro 


fince they appear to * wok 0 faint a light, and of no enable 


diameter, even in the largeſt teleſcopes. If we ſhould ſuppoſe 
- Ie between us and a fixed ſtar to be divided into 405 
equal parts, and a ſpec oh after paſſing; over 299 « of thoſe 


parts, { ſhould 1 view it from the laſt diviſion, or at 5 part of 
r brighter to. 
in demeter 5 3 it 9 


2 ths whtole) diftance. 
bhp bur not ſenſibly mage « 
was in a teleſcope that niagnified 400 times. The un 
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e directed to the ſtar, by placing it in the right line a E pa- 
rallel to be. Let 4 5 beth D'c, as the velocity of the earth 
in its orbit to the velocity of light, and it is manifeſt that the 
teleſcope muſt now be placed in the ſituation ac, that the 
ray of. light may run along its axis, and, after entering the 
middle of the object glaſs at c, may iſſue at the middle of the 
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> 1 it the une of this law, and ifort iy of 
different planets. "The power which uſb on © planet chat „» 
nearer the ſun is manifeſtly greater than that which acts on a 
planet more remote; both becauſe it moves with more velo- 
ity „and becauſe” it moves in a leſſer orbit, Which has mote 
and ſeparates farther from its tangent, in ares of the 
| Pr length, than a Kester orbit. By comparing the motions 
of the planets, it is found that'the velocity of a nearer” poo 
greater than the Mw of one more remote; in 
4. the are root min WS. 
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he: another planet, the veloeity of the firſwould:be half 
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nearer: ſatellites move with greater celcrityy} in the ſame i pro- 


portion as the nearer primary planets move ftlyxound 
the ſun, andi their gravity therefore, varies; a ic tothe 
ſame law. Ther fame be ſaid of Saturn 8. fat 


| There is,: herefore, a powe that preſerues ithe ſubſtance of theſe, 
planets in their various motions; acts at their ſurfaces, and is 
extended around them detreaſing in the ume manner as that 
which is extended from the earth and fun to all diſtances. 
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ef would nake it move in à very eccentric lie, in which 
itt would return aſter a long period to its firſt place; if it was 
: not diverted in its courſe by approaching too near to ſome ce- 
> leſtial body. In the ſame manner, a planet projected with a 
certain force would go off for ever in a parabolic curve having 

the ſun in its focus; and if it was projected with a force a little 

leſs would revelve in a very eccentric ellipſis having its focus in 

the ſun. All theſe motions, therefore, proceed from the ſame” 

principle, acting in a various but moſt regular manner in dif- 

ferent circumſtances, and are all . to the motions of 

heavy bodies projected from our th. Effects ſo ſimilar are 

to be reſolved: into the ſame cat there is hardly more 

ſuppoſing that it — power of gravity that 
ae u upon terre tik bodies in Europe and in America, at the 
equator and at tlie poles, than that it is the ſame princi le 
WEE acts over the whole ſ — — the centre of the un 
the rem te orb ol, Be or r de che tme ; 
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ail xv tile while it is movin rink i he 
air, as "mo as the reofettile argidates! towards it; and without 
this law nothing would be ſteady or conſtant in nature; FP hence 
it follows, chat the ſur gravitateb roar all the bodies; i in the 
lathe privacy bree ate f wit Xe. 
ey | rregular he: 
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GS. "Yalk were Aifferent, U 0 
„ penſion and of oſcillation being equal, i it it was not 1157 5 re- 
nſtance of the air. It has been already ſhewed, that the moon 
would fall toward the earth with the "For velocity as any other 
heavy body, if ſhe was at the ſame diſtance from its centre; 
and it is plain that the forces of bodies moved with equal ve- 
| bocities! are às their quantities of matter: fo that the weight of 
the moon would be to the weight of any heavy body at the ſame 
F diſtance from the centre of the earth, in the ſame proportion as . 
6 5 the matter of the moon 1 is ta the matter of W . 
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| which. they gravitate towards it, which are as their antities 

of matter. The power, therefore, that is extended 752 85 

centre of the ſun and of each. of the planets, to all Gene 

around them, is, at equal diſtances from their centres, propor- 

tional to their quantities of matter: and, | in general, it appears 

a go 5 a - gravity of: | a wet is the! 3 nous? in 6 peter 
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vations, to- affect all ks matter of bodies eq cally „we ane 
: hence n more reaſon. ſtill to conclude! its e ; ſince ĩt ap- 
lich dies as are remived: at a diſtance from them, 
5 Pens trate into their ſubſtance, ant 4 into that of all other 
lies, eyen to their centres; to affect their internal parts with 
fame force as the external, to be obſtructed in te action a 
n intervening body or obſlack ; and to admit of no kind 
of variation. in th atter, hut from its different diſtane ca 
only from that to which it ONS. A ae Bonk gs 
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E 4. The ny: Ah 5 gravity. on poche axis from i its 3 on 
eir parts, and is the aggregate of theſt actions; ſo that the 
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grayitation of bodies muſt arife from the gravity, of os th 
particles towards each other. The weight of a body to 
the earth ariſes from the gravity of the parts of the bo "vj 
vity of a mountain toward the earth ariſes from the gravi- 
kation of all the parts of the mountain towards it. The gravi- 
tation of the northern hemiſp here toward the ſouthern ariſes: 


fromt the! gravitation of all its N towards it; 5 and * we * 
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the earth divided into two unequal ſegments, the gravitation of 

the greatef toward the leſſer ariſes from the gravitation of all the 

parts of che greater toward the leſſer. In the ſuame manner, the 

gravity of the whole earth, one 1 ee being excepted, toward 

that particle, muſt "ariſe from the quantity of gravitation of all 
the other particles of the earth toward that particle: Every par- 

ticle; therefore, of the earth gravitates toward every other par- 
tiele 'df it; and, for the ſame reaſon, every particle of matter in 
the ſolar Fter | iter wn roy a e in it. 
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Mobs We now proceed to an | important part of this dodirine, 
we determine the aw accordin g to which the particles of bodies 
gravitate towards each other; after having diſcovered the law 

— which is obſerved by bodies compoſed of thoſe particles. To 
wperficial-eriquirer, at firſt fight, the former might poſſibly 
appear to be neceſſarily the ſame with the latter: but it is eaſily 
ſhewn, that the law- which is obſerved in the attractions of the 
minute Particles of matter is often very different from that 
which is obferved by ſpheres compoſed: of fuch particles. "Ih, 
for example, the gravitation of the partioles deereaſe in the 
ſame proportion as the cubes of their diſtances inereaſe, or in 
any higher proportion, the ſpheres compoſed! of ſucks par- 
ticles will not gravitate towards each other wich forces that de- 
ereaſe- in the ſame proportion as the cubes of the diſtances of 
their centres increaſe, or in that higher proportion; for ſpheres 
in contact ſhall attract each other, in thoſe caſes; with a force 
Infinitely greater than when they are removed to the leaſt diſ- 
tance Pond contact, tho there be very little difference betwixt 
the diſtances of their centres in thoſe two caſes. This made it 
n eellary ſor Sir Iſnac Newton to treat of this ſubject fully; and 
as it is a very uſef 


ul part of the theory of -gravity; but not to be 
erſto ode as hard 2795 e u W N a 5 {kill in 
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when it is in nrg gc particl.amted, 0 van when it 
meme to a Imaf nnn 


** Butit s otherwile when we ſuppoſe the attraction of the 


For, 1 r cule,.the; ee ee W ux 
with a Forer that is as the Grace, or the ſquare of z M direſtiy. 
and the cube of rm inverſely; that is, with a force which is 
as ru inverſely, or direct e of che m_ 
l | hyperbola EVI, deſcribed Ae bee » 
nia] rn. Therefore the attraction of 8 | 
will de meaſured by che hyperbolic area MU A bounded by 
che ordinates at 4 and ; and the attraction of the cone 1 
n, by the infinite - lic area that is conceived to be 
e dd, edit: the aſſymptote r l. It 
follows then, that, if ſuch a law could take place, Mean 
1 would 5 ane the leaſt portion of matter in contact 
with it, with a greater force than towards the greateſt bode: at 
any diſtance, how ſmall ſoever, from it. The fame is eaſily ſhown 
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| whe the: attraction. of the particles decreaſes. as any powers of 
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of the folid » x4, which is in cortact with the 2 


infinitely er than the attraction of the ſtun bo 


by the ſurfaces a E a, Br 6, which is the 
7 _ the contact of the particle p. We have taken 

ty to illuſtrate and demonſtrate this theorem here, 
beret it ill be of uſe to us afterwards, and ferves to ſhew 
the advantages of the law of gravity which takes place in the 
ſolar ſyſtem above other laws ; ; oo _ on other 3 
may be e I WA. V1 


a: The 


deen of he — Ra fog 
creaſe as the ſquares of their diſtances increaſe, 


lar Rao gecicb folids, gravitate towards theſe folids, are as 

their diſtances from any points ſimilarly fituated in the ſolids, 
or as any of their! u 
conceived to be reſolved into ſimilar cones, or fruſtums | af 
_ cones, that have always their vertex in the particles, and the 


gravitation towards theſe cones, or fruftums, will be always in 
the fame ratio by 5 5. But if the on of the particles 


decreafe as the cubes of the diſtance „the forces, with 


which particles, fimilarly ſituated yes reſpect to ſimilar homo- 
For 


geneous ſolids, tend 5 oo thoſe folids. ſhall be equal. 
fich ſolids being reſolved into ſimilar eam of cones that 


have always t hes verteX in the particles, and are fimilarly ſitu- 


ated with reſpect to them, the gravitation towards theſe fruſtum 
will be always equal, by what was ſhewyn in the laſt article; in 
the ſame manner as the forces with which the particle P te 


toward yoo: gee re o H Ro were demon- 
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For let pu be any right line from meeting the generating 
ſemicircle à bn in N and t, andthe are o, def Abed from | 
the centre P with the radius pe, in I; let P um be another ſueh | 
right line from p, cor tuting an infinitely ſmall angle with = . 


PM, meeting the ſemicirele in , mn, and the arc c inf; 
draw I. R, 17, perpendicular to Pe in n and 7, and cv perp 
Uicular to P ni in v. Suppoſe another circle a dB e to interſeck 
= ſemicircle a DE in the axis A B, and to conſtitute with it 
an infinitely ſmall angle; and let L A. and I ai perpendicular 
0 the plane avs, meet ads ins and &. Then the gravi- N 
_ tation of the particle P, towards the matter in the phyſical 


ace L z x , ſhall be mea by R conſe- 1 
quently the gravitation '« of 4 towards the p Pyram midical fruſtum, 


terminated by the e anes ADB and A as, and by p 
162 ACIDS ra 1 bel te e N Ys" 
erpendicular | to ADB in NM anc {ſhall be | 
LL SEA by ** 1 — 2 2 5 1 ut“ ern 3 Tf 
- NN M,. . $.5- . YE apter. .. Bu £19 8417 
ne by the planes en ads, being giver 
pd, the arc n by theſe cireular, anes ar.th e diſtance 
CD, tO CD (or S 3) and, a. 1 Feng 5 * ui 24; P | 1 Or k > Co to LR, 
ſo that LIXLR: is equal to, PR, FU ES > 
vitation of p towands | that tral I 1 
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FCS OD eee ene is. reduced 
to che direction vole iminiſſ eee 17 or Fug 
to pc; and is then meaſured/by ez or (the 


7 Kalte beds increment f v1 being repreſented Wy: vo, and 

FA, cr V, being equal to vit N , by Fitl 2. 6. of 
to vu *+APB, ſo that aP being conſtant, the increr nente ö 

'pr* and vx“ muſt be equal, and x7XPk equal to Vox: co 
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different diſtances from provided the AAR wich 
ways che fame at ache Game diſtance from it, the gravity of a 
particle (that is not within the ſphere) towards it will be as the 
quantity of matter in the ſphere directly, and the ſquare of 
the diſtance of the particle from its centre inverſely. H the 
attraction of the particles increaſed or decreaſed in the ſame 
proportion as their diſtances increaſe or decreaſe, the ſphere 
would act, in this caſe likewiſe, in the fame manner as if all 
its matter was lodged in the centre as. one particle ; but the 
caſe is different when the attraction of the particle obſerves 


other laws. Suppoſe that the attraction of the particles is in- 
verſely as the power of the diſtance = ar exponent n leſs 
than 3, and the attraction of a ſphere of ſuch par- 


_ ticles, at its furface, will be to the — wich which the whch 
matter of the ſphere collected in its centre would attract 4 


the ſame diſtat ce, as eee e 1 5 I=. If, fur el 
ample, the attraction of the particles be tho fame at all K 
tances (in which caſe we ſuppoſe 1 = o) this ratio is that of 4 t 
'5; and if the attraction of the particles be inverſely as der 
= ANCE, It is that of 3to: +3 a M axedBicymelſewhere #, 
| r 2 ee 4 
12. Mabilg ſhewr A de able peter gravitate to- : 
wth each other with forces that are inverſely as the ſquarbs 7 
their diſtances, the action of a ſphere e particle placed 
without it obſerves the ſame law as that of the particles them- 
ſelxes, and decreaſes in the fame pr tion as the ſquare c of 


F 


the diſtance of the particle from the centre of. the ſphere in- 
creaſes ; 3. it follows ; beca ule ren 951 reattic Sion are equal, that 
farrie proportion; ae in place 6f che eee! a ſecond 
| ſphere be ſubſtit ted | confiting 550 ſuch x "particles, Eirive' "the 


£4 CVT 5 
Treat of — 50 54 n Me ie 


ticles placed in their cen 
. bee ae, 


5 appears from the'prec 
fame law. He was likewiſe enabled, by the ſame ſteps, to de- 


matter of the ſphere me, it.: 
at ſome diſtancę from the centrez its gravity will be the greater, 


tion as the ſquare of its 23 from the centre incr 


| has ſpeak of the accelerating: power of gravity, which is propor- 


26 il WANT IN DW TON Boor ll 


total action of this cod ſphere will be the ſame as i all its 

Le e be- eee ee therefore the two ſpheres muſt 

obſerve the ſame law, in acting upon each other, as two par- 
ntres ; that is, their attraction muſt de- 


x of 4 bodies Ja Sh 3 Fr Sir 


Wa ns. The gn ws ao gravitation of their particles, and the 
law which is obſerred by the gravity of bodies having been 


-from the phænomena deſcribed at length above 3 it. 
eding concluſions, that the gravity of the 


particles of which the bodies are compounded obſerves: the very 


zrmine the/ progreſs of gravity from the centre es fans 
the greateſt - diſtance from it. At the centre a particle c 
have no gravity at all, being g equallxattracted every way by the 
If it is placed within the ſphere 


the greater this diſtance is, by $ 9; for theſe parts of the ſphere. 


only having an effect upon it — are at a leſs diſtance from the 


cęentre 


aan itſelf, and its gravity being as the al racing: matter 
directly and the ſquare of - the- diſtance from the centre reci- 
l fance the matter is as the cube of the ſame diſtance, 
the gravity muſt be as the diſtance itſelf. From the centre to 
the furface, its gravity increaſes in Proportion as its diſtance 
from the centre increaſes; at the ſurface, its gravity is greateſt; pf 
and fromthe ſurface upwards, its gravity decreaſes in p op0r-" 
aſes ; re- 


larly obſerving this law to the utmoſt limits of ſpace. _ Here Þ 


tional to the velocity that it is able to generate in any given 


Wh ball moment of time; and. fince it —— the fame velo- 


eit 
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city in the ſame time in all bodies whatſoever at the ſame diſ- 
tance, it follows that their weight or motion atiſing from it, 
muſt be proportional to their quantities of matter. Im ge- 
neral, to eſtimate the weight or mation of -atry ſphere that is 
attracted. by another whoſe parts are equally denſe at equal diſ- 
tances from its centre, we are to meaſure it by compounding 
three proportions, that of the matter in the heavy bodies that 
gravitate, that of the matter in the attracting ſpheres to which 
they gravitate, and the reciprocal proportion of the ſquares of 
the reſpectiye diſtances betwixt the centres of the ſpheres that 
tend towards each other; and this is the law which we found 
from the. en to take ein in >the n, See mes. 
. * chapter Worst, eau 1. tm cola 


7 


| 54 4d be 1 Ie 3. 
1 Thus Sir 150 F" me | Fiat | and fall 4 
from undiſputed. obſervations. and unexceptionable bee ad 
this ſimple principle of the gravitation of the particles of matter 
towards each other; 5 which being extended. over the fy ſtem, to 
all diſtanees, and diffuſed from 5 85 centre of every . ; 
the chain that keeps the parts of each together, and preſerves 
them in their mailer motions; about their proper centres. | The 
fame gravity, which is ſo well known to us on the earth, affects. 
them all; the whole mas. of the ſyſtem is, in this reſpect, of a 
piece; and; this one principle, bo. regularly diffuſed over the 
whole, ſhews one general influence and conduct, flowing from 
one cauſe equally active and potent every where. Plot ob- 
ſervations have been made of- late that greatly confirm his doc- 
trine, and particularly ſerve to ſhew. — the gravitation to- 
wards bodies ariſes from the gravitation towards their particles. 
Of this kind are the meaſures of a degree on the meridian 
made lately, with great accuracy, by the French mathematicians; 
and the leclinati * > the en from * true vertical, : 
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% the quanity TOR matter, and 44e 75 the fun and planet, 


. US far: our author aſcends b way of analyfis, 
# tracing the cauſes from their e ts, and from the 
echpaidlence) of or perfect ſimilarity, of many effects, ſhewing the 
cauſe to be more general, But in ind to deſcend by the 
Huntbeſis, and to determine the effects from the cauſe now 
[ known, it was not ſufficient to eſtabliſh the general gravitation 
I of the particles i of matter ; it was requiſite to determine, as far 
= © as poſfible, the quantities of the powers which act in the ſyſtem. 
= _ We have ſeen that there is a gravity extending from each body 
V in the ſyſtem on all ſides, at equal dift nces from their centres 
ns proportional to their quantities of matter. We know, from 
In experience, the force of this power at the ſurface of our own. 
=_ 8 and haye ſeen how to eſtimate its efficacy at any other 
= diftance. In order to be able to eſtimate all 1 powers in the 
| ſyſtem directed to their different bodies, it is neceflary to de- 
termine the proportion of their quantities of matter to that of 
r earth. If this is once obtained, all the powers that ope- 
— : mite in the ſyſtem being known, it will re beak no more but a 
. ſkillful application of geometi and 1 mech ics to determine 
the motions and phæ 


| . flow from them, | 
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=_ 2. 'To meafure the mates in he fun and planets was an at- 
iy xroblem, and, at firſt fight, ſeemed above the reach of 
=_— | human art. But the r of this philoſophy, afforded a 
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natural and eaſy ſolution of it in the moſt important caſes, and 
Sir 1/aac Newton has determined the proportions of the matter 
that is in the Sum, Jupiter, Saturn, and the Moon, to that in 
our Earth that is is, he has ſhewed how many earths might form 
a Sun, a Jupiter, or a Saturn. To underſtand how he was 
able to diſcovet this, we are to recollect that the matter in each 
of theſe is in the ſame proportion as the force of gravity to- 
ward them, at equal diſtances from their centres. We know 
the force of gravity towards our carth-from the deſcent of heavy 
bodies, and alſo by calculating how much the moon falls be- 
low the tangent - 85 her orbit in any given time. We have no 
experience of any rectilineal deſcent al heavy bodies toward the 
Sun, Fupiter, or Saturn; but as the were? in planets revolve 
about the ſun, and their ſatellites revolve about Jupiter and 
Saturn, by computing from their motions how much a pri- 
mary planet falls below its tangent in a given time, and how 
much any of Jupiters and Saturn's ſatellites fall below their 
tangents in the ſame time, we are able to determine the pro- 
portion which the gravity of a primary planet to the ſun, and 

of a ſatellite towards its primary, bears to the gravity of the 
moon towards the earth, in their reſpective diſtances: then 
from the general law of the variation of gravity, the forces 
that would act upon them at equal diſtances from the Sum, 
Jupiter, Saturn, a ad the Earth are computed ; which give 
che . e the matter contained in theſe aden 


Ch Ap. F. 


3. That hy quinttty: K matter in Jupiter is greater Vil ; 
the quantity of matter contained in the earth, we may eaſily. 
learn from the motion of his ſatellites ; all of which revolve 5 
about his centre in leſs time than the moon revolves about the 


* 
23 
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earth, and are all, excepting the firſt, at a greater diſtance 
from his centre that the moon is from the earth. The ſecond 
2 | EF wo +, ſatellite 
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N N - The matter in Saturn is allo: found to. b 
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„The 5 3s of Mutter- in . bodies ORE thus = 
ener and their bulk being known from aſtronomical ob- 
ſervations, ĩt is eaſy to compute what matter each of them con- 
tains in the ſame bulk; which gives the proportion of their 
denſities. Thus our author finds the denſities of the Sun, 


” Fupiter, Saturn and ho: 80 to 28 as s the number 1 va, 
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. which it appears ; the 1 is more 1 den 

Jupiter, and Jupiter more denſe than Saturn; that is, thoſe 
planets which are nearer the ſun are found to he more denſe; 
by which they are enabled to bear the greater heat of. the ſun, 
This is the reſult of our moſt ſubtile enquiries into nature, that | 
all things are in the beſt ſituations, and diſpoſed by perfect. wil- 

dom. If our earth was carried down into the orb of Mercury, 
our ocean would boil. and ſoon be diſſipated into vapour; and 
the dry land would become uninhabitable. II. the earth was bh 
5 Wu to the OP of. 3 the ocean 5 would 9 a 1 5 


Sar carry 85 Sa is e to 5 1 more remote War = rl 
that tho' he is the laſt of the planets, and receives 90 times 
leſs light and heat from the ſun than we do, he may never- 
theleſs be in the beſt fituation that could poſſibly be aſſigned 
5 him i in ** yi ſtem ; and there the ſituation on Jupiter, and 0 
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ſedl in ſuch order „And in ſuch ſituations, from which any 


er AY or erg 


li cConſiderable variation would produce fatal effects. The hy- 
1 of Des Cartes led him to place the more denſe ra 
| | at'a if from on "Ts 
A ry Ip any or. "Mower we are deprived of the like op- © 
e. ee e ee 1 proportiona 
es of matter. But it is highly cares bb e , kg „ 
| : | ets. Our GE] has TY 00 | 
[ a Le the « Earth At Es 2h ectiv 
1 
— _ furprifingly to an equalit <: ahh Tha Th that tho 5 
de ſeveral hundred times greater than the earth, the 
gravity at his ſurface is very little more than double 
: what it is at the ſurface of the earth; and the force of gravity 
at the ſurface of turn is but about; greater than chat of ter- 
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5 oY The moſt. | wake. - power „ that aft in . 
being thus determined; before we to conſider their 
Sache, «Jo neeeflaryy fir, to enquire: whether they act in a 
| e is any medium chat reſiſts the motions pro- 

a themes We find that. the air makes a conſiderable re- 
liſtance to the motion of projectiles near the earth; | whe: if 
it_extended unto the planetary regions, would alſo very con- 
ſiderably affect their motions. But experiments ſhew that the 
denſity of the air is proportional to the force that co reſſes 
it, and that the weight of the ſu uperincumbent 84 is 
the force which compreſſes the air in every altitude; ſo that 
the higher any portion of air is, having a leſs weight of air 
above it to compreſs it, it muſt have leſs denſity in the ſame 
proportion: and from this it follows, that if we abſtract from 
the diminution of gravity, and the altitudes from the ſurface of 
the earth be taken in arithmeticul progreſſion, the denſities 
of the air at theſe altitudes will decreaſe in geometrical p pro- 
greſſion *, Since, therefore, it appears from ſeveral experi- 
ments, made in France and England, that the denſity of the 
air decreaſes in ſuch a manner, that at the height of ſeven 
perpendicular miles it is about 2 of the, denſity it, has at, the 

| level of the ſea, at 14 miles it muſt be >. of it, at 21 miles 
2s at 28 miles z, at 35 miles , at 42 * es 256, at the 
height of 49 miles - oz. Part of, it, and. at the height of a ſe- 
midiameter of the earth altogether inſeahble. | It appears from 
the laws of motion, and from many accurate experi ments, that 
the reſiſtance of fluids, ariſing from the inertia of their 
matter, is proportional to their 5 ple and therefore the re- 
Gſtance of the air, tho ſenſible at the ſurface of the earth, 


* See Dr lung in Ph Tren. Ny 181. and Schol, Prop. 22 Lid. I Princip, 
would 
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CA 1 R Iſaac Meurer having eſtabliſhed the Gr prin- 

ciple of the gravitation of the particles of matter, 
and having determined the chief powers that act in the 
ſyſtem, vis, thoſe which tend to the Sun, Jupiter, Saturn, : 
and the Earth ; and having found that the celeſtial motions 
are performed in- free ſpaces, where the reſiſtance is inſenſible ; 
he E now prepared ice way for proceeding Symbetically i in 
his account TAY the ſy ſtem of the world, and enquiring into the 
various effects that Aud from a power ſo evidently eſtabliſhed: 
An general principle aſcertained in nature is a great acqui- 
fetten to philoſophy, eſpe cially when the variations of this 
power, with its direction and force, are clearly determined; | 
and the fertility of this principle will appear from the various 
| phznomena reſolved by it [ynthetically,, of which we are now 
to treat. Sir Jaac e begins with enquiring into the 
centre of the ſyſtem.” The P yt hagoreams aſcribed this place to 
dhe centre of the ſun, the followers of Ariſotle and Prolemy to 
the earth. But Sir-1/aac, having found that theſe gravitate to- 
wards each other age towards all the other bodies in the ſyſt; 
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equal quantity of motion, but with a velocity ſo much leſs as 
the matter in it is greater than in the projected part; and both 
would revolve in certain orbits about the common centre of 
gravity, which would continue in the ſame ſtate as before the 
projection. If, by the reſiſtance of the medium, the motions 
of theſe parts of the earth came to be deſtroyed, they would 
come together again and be enhanced in oe maſabout the 
Game centre, I there were more ſuch parts of the earth pro- 
xcded, the centre of gra vity of all would be no way affected | 
by ſuch projections, hot they would move round it, fo that 
the ſum of the motions on one fide of it ſhould be equal to 
the ſum of the motions on the other fide : and this obtains 
even in thoſe {mall motions that are every 1 77 oy 
e on the earth. ; 


4 The 2 otic 1K &: the great bodies 115 Phar ſyſtem are 
* to theſe: the different parts of the ſolar Gfter gra- 
vitate to each other, as the parts of the earth gravitate towards 
one another; and the different parts of the ſyſtem move in the 
fame manner about their common centre of gravity, as the 
parts into which we ſuppoſed the earth to be divided, if pro- 
jected in any direction, would all move about their common 
centre of gravity ; or as the earth, and all the bodies that are 
ually projected every day on its ſurface, revolve about the 
common centre of gravity of the earth and theſe projectiles. 
Only there is this difference, that the bodies of the great ſyſtem 
were projected at great diſtances from each other, and in ſuch 
manner that the planets revolve in orbits almoſt circular, fo 

as not to come too near to the ſun, or to be carried too far from 
him, in their revolutions. The creator of the world had in vain 
made them of denſities adapted to certain diſtances, if he had 
not projected them with the forces that were requiſite to pre- 
ſerve. them revolving at thoſe diſtances, or near to them; and 
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its was formed firſt in one maſs, here now the: centre of 
i whole ſyſtem is found; that of this maſs various 
fofnied, and” feptirated frorm each other to proper 


ke power which ſeparated and moved! ther obſerved | the 
Hoof ature chat requires: af leqality between a 
0100 + and is oBſcrie ir in all ce Acbnsto 
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ag ran. 57 ode ke. 505 ib oi ven dome ele bai 
6. -Whet were this ov a their juſt orbits, we 
1 y Conceive 1 2 tler t6'have been ſubdivided again, by 
is 0 obſervin the fame 1aws;intoſeveral other bodies, which 
1 ant ere formed "ized leſſer ſyſtems; as that of the 
earth” and bn; tHöſt of * uber and Saiurn and their fatel- 
"Rites! REL A be au) b 
1 5 the earth and fe love. Ab 


theſe! quieſcent in its particular 

bout their common centre 

of gravi while it is Carri with a regu ular: motion round the 
eentte of "gravity of the Whole 5 m. "The fame is to be ſaid 
Fupiter and Satur# ald their” latellites; /and' it is certain 

Cort the laws of nature thats che motions in any leſſer ſyſtens 

tr ie motion of that centre about 


about its ce of gravity, and 
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chat might form a lte an inferior order. But we do not 
find that nature carries this ſubordination ſo far, unlels we 
would conſider the inotion of projectiles, near the ſurfaces of 
the ſecondary Pane as an exam ple: of. this kind. 
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go CENT ww 
"3. J5*þ 155 4 


7. It is next to be TROY hk this point 155 reſt 1000 che 
common centre of gravity of the ſyſtem is 15 be found; and 
it i 18 plain from what We have already ſeen, that. it can never 
be far removed from the ſun, e the matter in the ſun 
vaſtly exceeds the matter in all the planets taken together > 
and, from what we faid of che centre of gravity above, it ap- 
pears that it is always nearer the; greater ALY 500 o portion as 


it is g greater. Jupiter is the largeſt of, the * 
but : 7 of oy ba hor Ar dene I; of 
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tt his ſurface: and this is the fartheſt that the ſun is eyer 
"removed e that e Dane den e ther 


ert Fa that tho. 
erpetual agitation about this centre, yet, bein 
A Ae 5 neat it; he may very well be conſidered t by aſttono- 
mers as the centre of the {olar: ſyſtem. Thus, tho the ter- 
raqueous 12 5 receives an impreſſion from eve y power that 
jectiles in the air, and is, to ſpeak accurately, . 
tcated a Wo by theſe powers with a very complex motion, yet 
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1 three. or mare bodies mutually attract EY other, the 
=» vitation of any one, ariſing from the actions of the reſt, may 
determined 1 dur rule for the compoſition of motion; and 
If the law of (gravity be ſuch as we find to obtain in the lat 
Tyſtem, its pk, 00h will not be always directed to the centre 
e of the other bodies, or in ed to any fixed point, 
but ſometimes to one fide of that centre and ſometiraes to 
the other; and therefore, equal New, will not be lee in in 
equal times about any int in the ſyſtem, and feyer irr ula- 
7 Ae will neceſſarily Log in the lr; of t 15 lies. "But 
you ſuppoſe one of theſe bodics to be va y 


n 


greater 'th th 


_xelt, fo that the actions of the © other bodies may de Ae 
I compared with 5 Action, the centre of gravity of the 
Tyſkem be always 1 Near it be ben 5 tities id the 
motions in fuel will be very ſmall The areas de- 
Eribed in Sen” times, abo 6 ay chat great body, 


| \bits. Sie ot th will be nea carly 
ell tic, having chat centre. ny e 16 78288 That this 18 —_ 
F. © 8 wg | 5 4 IPE: , $:from what we have ſhe Wh 5 

1 5 ve bee that ” 


'Þ Tee of 2 0, bir a 1 bew thei minute errors 
gu n it. The fame is the 
| png * | e and Saturn and ker ſatellites.” As for the: 
Zarih and the Men, cho there be a leſs diſproportion in their 


| gravity be ſenfbly 
7 from. the "carth, yet as there - are only two in their 


d in rularit SA ik from their 47 actions in t their 
motions bout their common centre of grauity, or they ; age: 
calily 45 termined when the poſition of their centre of gravity is 
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5 DE 1 
Wer / Bite, "Sith" receiving © any * ifturba 


a 4 gion of the. ſan or planet 95 which, 18 equal“ on all their parts 
Ef 1 4e 8 1 . hen a a fleet 0 of ſhips is carried 
bo ON ts them, equally, it it has no effect on 
,onpſt t themſelves, not is the motibn 
or re | by | them! if they hape 
ace y it, In the fame 19 
| to he fun ated equally, and i in the _ 
10 1 0 leſſer Hſtems, | it wouka ” 
nel one another, ONION 
= 6s 15 251 e of theſe actions,  from'he 
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_ Fitvations of that higher pang. can e feen bare | 


ſenfible f in _ revolutions. | 


SE 
a 


„be activa of "Fupiiet on Saturn when greateſt hat is 


in x their conjunction when their diſtance is leaſt) is found to'be 


of the action of the Sun upon Saturn, by comparing the 


W of Jupiter with the matter in the Fun, and the ſquare 


of the diſtance of the Sun from Saturn, with the ſquare of the 


diſtance of Jupiter from Saturn. The effect of this action on 
Saturn is not alto gether inſenſible. But the elli ptic orb of 


Saturn will be Guat to be more juſt, if you ſuppoſe i its focus. 


not to be in the centre of the Fun, but in the centre of gravity 

of the Sun and Jupiter, or rather in the centre of gravity of 
the Sun and of all the planets. below Saturn. In the fame 
manner, the elliptic orb of any other planet will be found more 


accurate, by ſuppoſing its focus to be in the centre of N 
. Sum and all the planets that. are below it. BLU 


| E +; The whole action of Jupiter ä diſturbe the , motion 5 8 
| 2 0 in their Conjundion, becauſe upiter acts upon Saturmn: 
and upon the Sun with © oppoſite irections, at that time. 


But, becauſe Saturn acts then it it the arte dite kom on e 


and on the Sun, if it acted alſo wit the ſame force on bo 
it would have no effect on the motion of Jupiter about the 
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ry 


| on the Hum that it difturbs the motion of. © 
excels; 1 is found to be —- of the action of the. 
and therefore is much. kf than the force with which” 7 
diſturbs the motion of. Saturn. The actions. of the other: 
| Planets on each other are incomparabl 45 leſs than tk, 
and the irregularities proceeding from tho action 8 are alway 
lei in any Planet as, it is nearer the ſun. Only the orbit of t 


| earth may n a little more een than that of its 2 


bouring 


Sun, and it is by, the excels, of its action on 5 upiter” above i its; 
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che centrifugal Wy wy g from the rotation about that centre 


examine the motion of 


n on 5 | =. the bod dy e to che | 
i DUR 1 . 2 it, but that there are otlier 
e 7 A appro: 5 the Centre, and ſuffer 


? 1708 1 5 * 
8 5 ; I 470 Tonk 
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7 0 Te ad body is don HR 
ne Le i 125 unto 00 tt will defer 


>, with its Arft 10059. 1 
to, 1¹ ; and citried'it by 80755 Hh 
y = nt 1, at an equal di diſ 
ring git from the tangent L 
ae The centrifugal force, 
i its xotation, being equal to its gravity, Rather of 
them prevail, and the be 7. erefore neither approaches tc 
the ber ee ee Wi abs di plotion o 
projection . to be re A ele gravity eh to Keep it 
in the fame circle muſt be increaſed alſo; ſo that if the velocity 
Sf the projection be double, the g 5220 requiſite to retain the 
body in the ſame circle muſt be "becauſe Ak beir 
double of Al, the point our times farther below 
tangent than the p point 135 as Ae dered ole in in gen ral, the 
e neceſſary to retain A þ body in the ſame circle is tin the 
duplicate proportion of the mot od tf: projection; and the ve- 
ocity, therefore, in ah ws ane proportion of the — ; 


ſo 
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ſo 50 when, Aan en are as I ta 45 the velocities are as 


"0 ht $ 1 
* b . * 
3 


3 If hy body i is . at a FF Ae Farms ihe i centre 
of anions. as at D, with the ſame velocity, the gravity muſt 
be greater to retain it in a circle; becauſe the curvature being 
greater, the extremity: v of the are 'DP,. equal to A L, falls 
farther below the tangent at p, chan L falls below the tangent 
at à, in proportion as the arc br is more curve, that is, in 
proportion as the diſtance s D is leſs than $ 4, If the velocity 
of projection is increaſed at D, ſo that the body deſct tibe a 
greater arc od in the ſame time, then the force of 'gravi 
neceſſary to retain the body in a circle there, muſt be increaſed 
in a duplicate proportion; becauſe ar is 400 to r in the dupli- 
cate proportion of 'dq to Dx.” P'S the' velgc city : at D, for 25 
ample, is greater than that at & in pre ortion as 8 A is greater 
than s b, e A will be to 1 R as the ſquare of s 4 is to the 
ſquare of so, and Or will be to LM as the cube of s 4 is to 
the cube of s; chat is, the force. requiſite to retain bodies 
circles muſt be reciproc ally as the _ r the ſetni ameters, 
when the. velocities. in thels cirelex' are re F 5 the ſe- 
midiameters themſelves; ; an a ora lics in- 


1115 


creaſe as the cubes of the di s fre Zh the e centre decreaſe, 
the velocities neceſſary to Carry ca ies in circles, at different 
diſtances from the centre Sanne, 1 u ' increaſe” in 1700 
Portion as the diſtances decreaſe. | 1 80 5 5 N 
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gravities and the proportion of ther, 

compounded proportion will give that of the Rl of the 
requiſite velocities. So in the ſolar ſyſtem, if the diſtances 
of two planets were as x to 4, the gravities being as 16 to 1, 
theſe proportions compounded give that of 16 to 4, or of 4 to 
x, which is the velocities, and therefore 
the velocities thernſclves are as 2 to 1. In like manner we 
can determine the la according to which the velocities, ne- 
ceſlary to carry bodies in ents, vary at _ aa - 


” Op yum aw of 3 


17 


1015 K. 511 M15 8 cy a4; 
5. If a body is peojecled at a ( 64) with. a 13 ch 6 
— which is neceſfary wt a circle there, it muſt 
fall within 'the bor wa e mc ariſmg from the 


a poop quare 3 
W i is fr gl is — Jeſs than irs + grar iy in the ame 
proportion : the body, therefore, by the excels of its gravity 
above its centrifugal force, is made to approach to the centre. 
2 of the body, as it deſcends in the orbit «a M, 
| por de accelerated: fo ws wo deſeribe equal areas in equal times 
abour- w and the velocity of its motion at & nnuſt be greater 
elocity 2 OI portior as A is greater than ar, 
 perpe: r from s on the to its orbit at 1 be- 
cauſe if che arcs 4 E I be deſcribed in the ſame: time, the 
triangular ſpaces asx, Ms N, being equal, the bafes A k, un 
muſt be reciprocally as their altitudes s a, sr, and the relocities | 
are as the arcs 45; MN, deſcribed: in the ſame time; 
fore re« iprocally 20: 3. The long xcrefore, | 
orbit from à to *r. bn ln. higher proportion ar 5 
in 1 che ate * 336 detreaſe; Coeds Wi is to sr in 
ortiot W geb * Arp Kur Shes 2 of 


boom | 
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from s, at any point, as 3, there s M1 andes will coincide, and 
portion of the velocities will n the reci- 


the 
Procal of the e % 82. 


6. n is ee ati ee icular 
tos 3, with a velocity greater than that which is —— to 
it in the circle s 6x about the centre of attraction, at 
is diſtance s B, it muſt be carried without that circle, and re- 
cede from the centre s. The centrifugal force, in this caſe, 
ariſing from its motion of rotation, is greater than that which 
would ariſe from its motion in the circle 3 œ H, and therefore 
greater than its gravity; and by the exceſs of its centrifugal 
force above its gravity, it recedes from s the centre of attraction. 
The motion of the body decreaſes as it riſes, being retarded by 
the action of its gravity, ſo that the velocity is always leſs than 
the velocity at 3, in proportion as s 8 ae eee . 
Pendicular from s on the een of its motion. ee 


e * PIR fn 9 ieh called . 
; ab to x, which is called its lower apfs, and reaſoends again 
from 3 to 4. It deſcends from 4, approaching to the centre of 
attraction, becauſe its velocity at 4. is deſt thin that which 
vould be able to carry it in a circle about s, at che diſtance 
4 As it deſcends to leſſer diſtances, its v in its 
orbit | increafes in a higher proportion than the velocities, | 
which would be —— to carry bodies. in circles at theſe 
diſtances, increaſe. ' For the velocity in the orbit at 8 is greater 
than that at 4, in proportion as 84 is greater than a; Whereas 
the volocity in a circle at 2 is greater than the velocity ina 
circle at 4, as 6 l is greater than /s. If 34 were to g 5 as 
4 to 1, the firſt proportion would-be that of-4 to'1; but the 
5 e that of 2 Or Hob; PPEAr: ran 


I - „ 
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in the orbit at 3, exceeds that in a circle at the ſame diſtance, 
- tho':the velocity in the orbit at à was exceeded by the 3 
that was able to carry it in a circle at the diſtance s A. In the 
higher part of the orbit, the velocity of the body is leſs than 
that which would carry it in a circle there about s; but the 
velocity in the orbit increaſes more, by the approach of the 
body to the centre of attraction, than the velocities requiſite 
for carrying bodies in circles do, e: ſo gets the better of them 
in the lower part of the orbit. Of. theſe two each prevails 
over the other by turns, in the two apſides; the velocity in the 
circle in the higher apſis, and the velocity in the orbit in the 
lower apſis. After the body is carried off at 1 by its ſuperior 
velocity, the velocity in a circle afterwards gets the better, be- 
cauſe it does not decreaſe ſo quickly as the velocity in the 
orbit, and the body is made to move, in its aſcent, i ina ſemis 
ellipſe equal and eee e that: wink it t deſ ribe! 


in its deſcent. 1 . * e ars 7 I: £31 by. 1 „ 3 un N 1 


» Sir The ie We lis genie ao ther mie a abi 45 
| en as the: ſquare of the diſtance is leſs. But the 
centrifugal force arifing from the circular motion about s in- 
creaſes in a higher Proportion, i. as the cubes of the diſ- 
tances decreaſe; for theſe centrifugal forces are in the direct 
proportion of that: qua ares of the velocities and their inverſe 
proportion of the diſtances, compounded together: "the: firſt of 
theſe is the inverſe proportion vf the ſquares of the diſtances, 
and the two together compound the inverſe proportion of the 
cu 'F iſtances- I he centrifugal forces, therefore, 
Creaſe more quickly n gravities; and tho the 3 
prevail in the higher part of the orbit, the cen rifugal forces get 
the better in the lower 2 of it. The gravity prevailing in 
the higher apſis make * 3 the boc bony me to s, the ee | 


force 
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force prevailing in the lower apſis makes the body recede from 


it; and, by their en, the nt for ever revolves from the one 
to the other. - 8 | 


9. Ut is WIG to FR from what we have ſaid, tas the body 
can deſcend from the apſis to the lower, and aſcend 
again from the- lower apſis to the higher, when the velocities 
neceſſary to curry bodies in circles about the centre of attraction 
increaſe, in approaching to that centre, in a. leſs proportion 


than the velocity of a body moving in an orbit 4 increaſes, 


For tho the velocity in a circle in the greater diſtances exceed 


the velocity in the orbit, this latter, by increaſing more quickly 
as the diftance demea gets the better of the other in the 


lower part of the orbit, 5 carries the body off again. But 


if the velocities by re circles can be deſcribed about the 
of attraction increaſe, in approaching to that centre, in 


a higher proportion, or in the ſame proportion, as the velocity 


in the orbit increaſes, then this latter having been ſuppoſed at 
A leſs than the former, it muſt always continue leſs than it, 
and never get the better of it, ſo as to be able to carry off che 


body; and therefore, in all ſuch caſes, the body can never 


recede from the centre after it has once begun to approach to it, 


but muſt deſcend to diſtances leſs and leſs, till it fall into the 


centre. It approaches at 4a, becauſe its velotity is leſs than that 
which is requiſite to carry it in a cirele there: its velocity in- 


deed increaſes as it deſcends to leſſer diſtances, but the velo- 
cities which would carry bodies in circles at theſe diſtances 


about s, increaſing alſo in as great a proportion, the velocity 
in the orbit muſt ſtill continue to be leſs than in theſe circles, 


and the bod 4 muſt ſtill continue to ene to che centre. 


10. To 


1 
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1 * * 17 '% I S + [ths YT | 4 
10 To fix the limit of dete two ia we are to ende, | 
that the velocities: in an orbit, ata and B, are in the i inverter 


ſe as * — 22 — 5 
* > deſeribe —_— at A and B 


dhe — in ices 


orbit at e 1 in the ſame proportion, and 
vhicl exceids at the-one diftahos TIP at the 


So 


to appre rial hy k mut — —.— to's, and! if | 
begins * eee — _ recede from it. This 


| aſe; fo that, of theſe 
Ito revail i in any one aphid, the 
— oy er 1d, if fuch could be aſſigned ; 


„1. If the gravity: ee in a higher peer chan as 
cubes-of the diſtances from the centre of attraction de- 
creaſe; then the velocities neceflary to carry bodies in circles 
about that centre, in approaching toit, will increaſe in a 

higher proportion than e diſtances dgereaſe; that is, in a 

higher Fes erte than the velocity in an orbit increaſes from 
A to B; ſo that as the velocity i in a circle at a exceeded the 
| velocity i in the orbit there, it will much more exceed it at ; 
and wan the body, 2000 on by a gravity varying in ſuch a 


manner, 
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manner, muſt approach to the centre till it fall into it, if it 
once begin to approach to it at a and if it once begin to re- 
cede from it; it muſt continue to recede from it for ever. The 
higher the power of the diftance is to which the gravity is re- 
ciprocally proportional, the body will deſcend in a leſs number 
of revolutions to the centre, in like circumſtances. If the 
gravity: is reciprocally proportional to the cubes of the diſtances, 
the body wilt deſcend after an infinite number of revolutions. 
If the gravity increaſe as the 4th power of the diſtance de- 
creaſes, and the body is projected at a 2 a velocity leſs than 
that which would carry * in a-circle about s in proportion as 
72 is leſs than / 3, the body will deſeribe a certain epicycloid 
about s, and fall into it after half a revolution. If the gra- 
vity increaſe as the th power of the diſtanee decreaſes, and 
the velocity of che projection be to that which would carry it 
in a circle about the centre s as 1 is to / 2; it will deſcend in 
4 ſemicircle deſcribed on the diameter s 4, and fall into the 
centre in a quarter of a revolutien. If the gravity increaſe as 
the 5th power of the diſtance decreaſes, and theſe velocities 
be as 1 to / 3, it will fall into the centre in z of a reyolution. 
In general, if gravity increaſe as the u 3 power of the diſ- 
tance decreaſes, and the velocity of projection at à be to the 
velocity which would carry the body in a circle there, about s, 


as 1 to 1 it will fall into the centre in the part of h 
: revolution. IHF the gravity increaſe ' as the 3= ; power of the 
diſtance decreaſes, and the velocities be as 1 to 1 4 — the 
body muſt fall into the centre after 50 revolutions. We « can- 


not pretend to demonſtrate theſe things her, and have men- 
e them onl y to illuſtrate this W 


e e nua. un. VVV 


better of the gravityi Rut if the g 


reals, in . —.— it) in — les proportion cha 


turns. The gravity 
; deſccpdinggd-chixetienidiſinoges dat the ef ral: force, it 
made: b reveds.agdifuanit ſk dil. > Bib admin; 
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"has thorn diene in 1 than-thetin 
which: che cabs of tho 5 h 


Giniple proportion in Which the. diſtances decrease 
4 leſs proportion than the velocity 1 in the orbit from 
rmer exceed in he rea er ( , 


fore in 
ton; o that, tho the o 
tances, the latter may: XC 10 Ac - 
the body may conſequently / deſcend froh the; higher apſis 
do the lower, and aſcend from the keyver aplis to the highee-by 


ifugal force in 
more ſlowly cin 


ts of the orbit, re 


ther higher 


and the body is 


1 48U1 the bod y never 
exnakyindradaths beger:zbfinai} fithe: gravi 8 a8. the 
ſquares obithe diſtancceiticercaſe, . en in a 


nion r 7199 977: 100 Har m_ Ty 19117 rec: ma 1 au 76 
4-1 nttib ach do eisupl al 20 whl 464: odio; 

23, If the gravity | (Increaſe, in; the anchinecal. proportion ob 
6 power: of the tliftance betwixt the ſqquare and cube, the 
body will abe nt nbachalGi2crevolution: to deſoend from the 
higher to the ler apſit) the moreithe increaſe of gravity ap- 
proaches: to the Ti Kip ocal! prope tic 0 ' of | thei cubes; of the diſ- 
tances'; for tHe velocity: u che orbit wall ind the more difficulty 

to get the better of- the-miotion that v auld; carr) the body in a 
eircle, or the ce Al force will with merè ifficulty get the 
ity inereaſe in proportion 


as ſome power of the diſtance leſs than the ſquare decreaſts, 


the velocities. in circles, e leſs in e to the 


center 


ChAH- N PHI ,OSOPHICAL) DISCOVERIES. gg 


centre; the velocity in the orbit will the more eaſily prevail, 
and che e ener force will ſooner exceed the gravity; and 
e the body will deſcend to the lower apſis in L208 than 
half a revolution, and return to the higlier apſis in leſs tham a 
Alete revolution. From which it appears, that as the 
es are fixed in the regular courſe! of gravity; that is, while 
reaſes as the ſquares of the diſtances decreaſe, they muſt 
be carried forwar „in the direction of motion of — body, 
when gravity varies in a higher! ion chan tliat, and muſt 
be carried backwards with a co motion when > gravity 
varies leſs than in that prop As 4 change from the 
proportion of the ſquares to that of cubes gives an infinite mo- 
tion to the apſides, ſo that the 4— ne. A at either of 
them again; a very dalle cha the vourſe ofgmibty>al 
produce à ſenſible mctlad dh, aphdes;| andthe! leaſt change 
from the” regular courſe: of gravity muſt become very ſenſible; 
in a great many revolutions, byb the! motion of He 
From which we learn, that ſincei the apſides vf the planets 
have ſo ſmall a motion that ſome Aſtronomiti negle& it altq 
gether; and doubr if there is indeed anyifuchmotiqnlatiall} 
we may conclude that their gravity muſt obſerve very accurately} 
in its variations, the law of the ſquares of the diſtances. 
ngo tg offs nr ATA Wiverg odr U {rx 
14. "Out anthory\to\teduce/tora atibm the motiomiuſ 
the apf des ariſing from a variation from the bourſeb o 
gravity, upp oſes with aſtronomers; that the bod moves in! 
an ellipſe thaviveartialine tho fame-time-witha Tegular-moti 
about 8, 'which;-in an entire revolution, gives tile motion of 
the apſides. AB 3 ellipfis, (Fig. 65.) deen e ar 
wW. And B being the ime, the centripetal forces there were found, 
above, to: follow: t rſe proportion of the ſquares of the! 
diſtances s a, 8 3B. Beppe the body moves in the eł 
* r alt b, while this ellipſe itſelf is carried about s with an an- 
8 a —— gular 


% 


1 0 75 


| gle ah pin — 8 in A con, 
J ſlant b proportion, Lapp ole that of. 6 to ; then the 
increments. of theſe angles, while 8 1. and 81 decreaſe equally, 
will obſerve; the fame conſtant,, proportion; and the ang 
motions about s of two, bodies Land 1, revolving in the lame. 
time in theſe orbits, will be in, the ſame proportion, A. 
the areas deſcribed by rays drawn, from theſe bodies to s: ſo 
that if the bodies be Poor's wn together at a, w ith velocities i in 
the ſame proportion, and are acted n Wy 6 Neręeſſa 
aun forces, they will move in theſe or rhits, and, approach. 
IF ually towards s, and arrive at I and , in the ſame time, 
The motion of approach to the centre being the ame at equal 
diſtances from it, and this motion being cauſed. by 3 of. 
their gravities above the centrifugal forces ariſing. from their 
circular motions about 8s; the gravity will exceed the centri- 
fugal force in the one orbit by the ſam excels, as in the ther, 


and therefore the difference of. the centri [1 al — — 
the fame. as the diff of. amet - has. es 3-10 that, to find 
the gravity in the moveable orbit, we; to the gravity. 


in the fixed orbit, at the fame diſtance, the,exock of the centri- 
fugal force in the moveable, orbit, chere, above the, centrifugal 
force in the fixed orbit at the, ſame 9 when Theſe centri- 
 fugal forces are in, 4 given proportion to each other, vis. ,in 
= of the ſquares of the angular motions, or in the proportion 
of G, to r, and He, ONES muſt be in a given propor- 5 
tion to either; 3 .the fame centrift al.fo rces different diſ- 
esd above, and t 55 Ge en rar And. A 
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„If the dete 


is ernie Wo s- wick a Trop 
Fs. — is in the direction of the motion of the body, 
angular motion of the body in the moveable dre is greater : 
than in the fixed orbit, and the centrifiigal force, atid conſe- 

quently- the gravity, is greater. But if the ellpſe is carried 

about s with a retrograde motion, the argular motion in the * 
fixed orbit, and conſequently the gravity, is leſſer. In the firſt 

caſe, the difference of the centrifugal forces is to be added to 

the gravity in the fixed orbit, to” find the'pravity ir the re- 

bling orbit at the ſame diſtantee from s. Ini the Matter caſe, 

the difference of the centrifugal forces is to be ſubtracted from 
the gravity ir the fixed orbit, 5 fend the gravity in the revoly- 
BY" orbit at the fame diftance ferm s. DIE my ira 


2. u JYOUE, 201II J 7100“ 


446 The fares; in ths ered ellipſe iter e gen of 
0 diſtance decreaſes ; add to this a force that increaſes as the 
cube of the diſtance decreaſes, and the ſum muſt tnereaſe in a 
Wghber Proportion than that of the ſquates'of the diftances, but 

never in ſo high a proportion as their eubes. A body therefore 
that moves in an ellipſe that has itſelf a p ſſtve motion about 
s,, muſt be acted on by a force that varies according to ſome 
power of the diſtance higher than the ſquare, but leſs than — 
cube. The greater this motion of the ellipſe is, the g 
is the exeeſs of the eentrifugal force in tlie moveable elipſe 
about that in the fixed ellipſe, at the fame 'diftance from s; 
and the greater is the quantity 'that varies as the cube of the 
diſtance in ſthe aggregate, in proportion” to thit which varies 
in it as the/ {quite of the diſtance only; and the more does the 
proportion of che aggregate vary from tliat of the ſquares to- 
Wards that ef the cubes of the diſtances. In fuch a move- 
able ellipſe, the gravity, which is as the aggregate, mae 
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kid, to vary in the proportion. of any one power of the diſ- 
tance accurately ; ; but if the ellipſe is very near to a circle, the 
; proportion of the aggregate will be found to vary very nearly 
284A certain A | | Rage and — motion of the 
1 chu x 
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tance decreaſes, yqu. ſuhdugt a force that increaſes in a higher 
| Proportiqn,. ia the. 
Ex pvihipers ale j 
ſquare, fs the, « 
moyes in A ch rt 
_ 4,retrogra e mation about.s, muſt, ; 
Vari ge ende e den the ſquare of ; che diſtance. — 
the, Doty the. u Fil Vary, 
HA ebe 


pup ng, _ a 0 2. 

cats hs — che ho may te adjuſted, that the, ae 
Sie fy vat) Hecnding g any proportion leſd than, chat 

5 of jhe ok,.the- 115053 10 . rien f liv cf. 
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3 prin aciples, 50 vary at c 


dd any, given 1. 4 ater rn ines rh. be; on mot 
| the, ellipſe, Sr, of 1 


N . in, conſeque * 
tion 3 Or, (the motion of che elle eng g 
what 18 ke Jour of the diſtance ac ording ti 


YT 
= 
* 
a, 


cih. Airs Mi, DSCOVERLES 319 
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40 We have ſalid as much as our deßer u « ab us, of 
the motions ariſing from gravity, that are performed in re- 
gular revolutions from the one apſis to the other ; where the 
diſtance from the centre of gravitation varies indeed, but ſo as 
to keep within certain limits, betwixt which the body con- 
ſtantly revolves; and we have ſhewn' that the motion of the 
body may be of this kind, if the gravity decreaſe in a leſs pro- 
portion than that in which the cubes of the diſtances from the 
centre increaſe. But the motion of the body is not always of 
this kind, in theſe caſes; for if the velocity of projection at B 
is ſuffciently grea at, the body will, in ſome of theſe caſes, 
recede for ever ons the centre of gravitation, and never arrive 
at the higher apſis 4a. We have already ſhewed that if the gra- 
vity decreaſe as the cubes, or any higher powers, of the dig 
tance increaſe, and the velocity at 's exceed, iti the leaſt, that 
which would carry' the body in a circle there, about the entre 
of gravitation, it will recede from s for ever. If the gravity 
decreaſe in a leſs Proportion than that of the cubes of the in- 
creaſing diſtances, it may be prejected at 2 with a motion 
which will ſtill carry it for ever from the centre, provided the 
gravity decreaſe in a proportion greater than chat in which the 
diſtances increaſe: for the limit here is the inverſe ſimple pro- 
2 of the diſtances. If gravity vary more, the body may 
be carried off for ever from the centre by a Raise motiod of 
projection; but if che grarity varies in that proportion, or in 
any leſs proportion, then no finite force will be able to make 
che body m move in ſuch a manner, as to recede from the centre 
s for ever: but the 75 in | ole Fs muſt bs revolye: 
betwixt te two ageing 5 b 


See Princip. Lib. L. Sed. 3. 
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20. In order to ſee this, we may firſt ſuppoſe a body to be 
projected perpendicularly to the horizon, that is acted on by 
a gravity decreaſing in a higher proportion than that of the 


=> p m 


1 


increaſing diſtances; and if the force of projection be ſuffici- 


* 
4 : ? 


. 


ently great, it will riſe for ever with a motion continually re- 
| tarded by the action of its gravity, but that ſhall never be al- 
together, deſtroyed by theſe actions; becauſe they decreaſe in 
ſuch a manner that the ſum of an infinite number of them 


amounts to a finite quantity. 


21. The ſame law of gravity is the limit betwixt the caſes. 
of infinite aſcents, in curvilineal motions. and in rectilineal: 
for our author has ſhewn, that if one body move in a curve, 
and another aſcend or deſcend in a right line, acted on by the 
ſame gravity, and their velocities be equal in any equal alti- 
tudes, they will be equal in all other equal altitudes? : and 
ſince the gravity, of the body. projected upwards in a vertical 


_ ..* Suppoſe the velocities, of bodies L and r (Fig. 66.) to be equal at L and p, at 

equal diſtances s 1, Sp; and let them deſcribe the very ſmall lines 1.7, p P, ſo that 

$p being equal. to $4 and-p.x a circular are deſcribed from the centre & meeti ng L. 
in u, Lu muſt be equal to vg. The gravity of 1 tonard way; he miajved, into | 
two forces, one of which may be repreſented by L. &, and acts in the direction of the 

rangent L N, the other in a direction & & perpendicular to the tangent or the direction 
of the body's motion. The latter has no effect in accelerating its motion, being 
perpendicular to it, and the former is to the gravity, as I is to $2, or as L & is to 
LI. The motion of the body » is accelerated by its whole gravity, fo that the forces 
which accelerate the bodies L and Þ are to each other, as E N (or ꝝ ) to L; but the 
velocities at L and Þ having been equal, the times in which 1. T and v p are deſcribed 
are in the proportion of the ſpaces L/ and pp ; ſo that tho the body L. is accelerated 
by a leſs force in deſcending to }, the time of its acceleration is greater in the ſame 
proportion: from which ĩt appears that their accelerations: are equal: in-deſeribing; 
theſe ſpaces, and their velocities conſequently equal at and g. The velocities. there-. 
fore of theſe bodies muſt be equal in all equal altitudes. See Princip. Math. Lib. I. 
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back again; it will not be able to make it return, if it was 
projected with the ſame force obliquely upwards, ſo as to move 
in a curve. For the centrifugal force, ariſing from the motion 
of rotation about s, leſſens the effect of the gravity, and 
makes it leſs capable to deſtroy the motion of aſcent in this 
caſe, than in the caſe of a perpendicular aſcent. Therefore if 
gravity varies in the reciprocal proportion of ſome power of the 
diſtance higher than unit, a body may run out to infinity in 
its orbit, if; it be projected with a certain force. | 


22. If this force is. the fame which it DRE acquire by fall- 
ing from an infinite height, it will go off in a curve of the 
parabolic kind. But if it is projected with a greater force than 
that which would be acquired even by an "faite deſcent, the 
curve will be of the hyperbolic kind. If it is projected with the 
ſame velocity which it would acquire by falling from an in- 
finite heiglit aſſuming different laws of gravity, but other 
circumſtances ſimilar) it will go off to infinity after a greater or 
leſs part of a revolution, or after a greater or ſmaller. number 

ol revolutions, according as the power of the diſtance, which is 
reciprocally proportional to the gravity; is greater or leſs, The 
mit here is a quarter of a revolution from the apſis, or the 
place where the direction of the body's motion is perpendicular 
to the line drawn to the centre; for it muſt always take more 
than that to get off from the apſis to an infinite diſtance. If 
gravity obſerve the reciprocal ſe{quiplicate proportion of the dif- 
tance, then the body will go off in ; of a revolution. If it ob- 
ferve the reciprocal duplicate, it will go off for ever in a pa- 
rabola, in half a revolution. If it obſerves the reciprocal ? 4 
power of the diſtance, it will go off in a complete revolution. 
But be gravity obſerve the reciprocal triplicate proportion of the 
Tz & diſtance, 


* 


as 154k AC NEW T ON BooxlV. 
| diſtance, and the body be projected oblique to the radius, it 


wil go off i in an infinite number or revolutions # 


'2 z. Tf gravity Jebodle ina a leß proportion than the recipro- | 


al BY proportion of the diſtances, and a body is projected 
from the apſis with any finite force whatſoever, it cannot riſe 
for ever; but will have the ſame velocity at any diſtance, as it 
would bare had at the ſame diſtance, ſuppoſing it had been pro- 


jected at a directly upwards with the ſame force of projection: * 


and ſince any finite force would have been deſtroyed i in the per- 
pendicular, if the body move in a curve it muſt return again, 
and after paſſing the higher apſis, deſcend again to the lower . 
tho' that apſis be not in the fame place as before. If gravity 
increaſe as the diſtance increaſes, a forriori the body will never 
be able to aſcend to an infinite diſtance. Theſe obſervations 
| ſhew the limits of the various ſorts of motions, chat can pro- 
ceed from various s laws *. Sfarity. | 


* In 1 if gravity vary as the e the diſtance rdprocally; and the wh 
ee upwards with a force that is to that which could N it in a circle 


as 1 to =. it will riſe for ever from the centre, and go off in the , part of a 


revolution, or in the; » part of the revolution. Suppoſing * r to be the exceſs of 3 
above the number m. If the gravity. follow the reciprocal proportion of the 22 
power of ba nts, m None Oh * 89 ws in 50 revolutions. . 9 $ 4 1 7 
oy 1 . 
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©: H A P IV. 


© f the motion 1 of the MOON. 


E have 1 the motions of the bodies in 
the ſolar ſyſtem, from gravity, and have taken no- 
tice of ſome inequalities or errors in their motions, that ariſe 
from the ſame principle. But the manifold irregularities that 
are produced by-it in the motion of the moon deſerve parti- 
cularly to be conſidered, as ſhe is the neareſt to us in the 

ſyſtem, and as great advantages might be deduced from her 
motions, if they could be ſubjected to exact computation. 
Formerly, they who built ſyſtems had great difficulties to re- 
concile their principles with the phznomena : our author anti- 
cipates obſervations, and the more $6223 our knowledge of the 
motions in the ſyſtem ſhall become, the more will this philo- 
ſophy be eſteemed. Poſterity will ſee its excellence yet more 
fully than we do, when the celeſtial motions ſhall be deter- 


| mined more accurately, by a feries of long. continued exact 
obſervations. 3 


A » 
1 
> 0 
1 
— 0 


* 


5 To give the principles of our author $ computations on this 
perplexed ſubject, in as Var a manner as poſſible, we muſt. 
recollect what has been already obſerved; that if the ſun acted 
equally on the earth and moon, and always i in parallel lines, 
this action would ſerve only to reſtrain them in their annual 
motions round the ſun, and no way affect their actions on each 
other, or their motions about their common eentre of gravity. 
In that caſe, if they were both allowed to fall directly towards. 
the ſun, they would fall equally, and their reſpective ſituations 
would be no way affected by their deſcending * towards 

= 1X a it. 
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it. We might then conceive them as in a plane, every part 


of which being equally acted on by the ſun, the whole plane 
would deſcend towards the ſun, but the reſpective motions of 
the earth and moon would be the ſame in this plane as if it was 
quieſcent. Suppoſing then this plane, and all in it, to have the 
annual motion imprinted on it, it would move regularly round 
the ſun, while the earth and moon would move in it, with re- 
ſpect to each other, as if the plane was at reſt, without any 


| irregularities. But becauſe the moon is nearer the ſun in one 


half of her orbit than the earth is, and in the other half of het 


orbit is at a greater diſtance than the earth from the fun, and 


the power of gravity is always greater at a lefs diftance ; it 
follows, that in one half of her orbit the moon is more attracted 
than the earth towards the fun, and in the other Half leſs at- 
tracted than the earth; and hence irregularities neceſfarily ariſe 
in the motions of the moon, "the exceſs, in the firft cafe; and 
the defect, in the ſecond, of the attraction, becoming a force 
that difturbs her motion: add to this, that the action of the 


in lines that meet in the centre of the fun. 


fun on the earth and moon is not directed in parallel lines, but 


3. To ſee the effects of theſe powers, let us ſuppoſe that the 


S 
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of the moon frotii the carth would be increaſed, in this cafe 
alſo. If the moon was in one of the A pit then the earth 
aid moon being both attracted towards the centre of the ſun, 
they would both directly deſcend towards that centre, and by 
approaching to the ſame centre, they would neceſſarily ap- 
proach at the fame'time to each other, and their diſtance from 
one another would be diminiſhed, in this cafe. Now, where- 
Cher dite 5fich of the fim wotiid increaſc theft diſtance, if they 
were allowed to fall towards the ſun, there we may be ſure the 
| ſun's action, by endeavouring to ſeparate them, diminiſhes 
their gravity to each other; wherever the action of the ſun 
would diminifh their diſtarice; there tlie fun's action, by endea- 
vouring to make them approach to one another, increaſes their 
gravity to each other: that is, in the conjunction and op 
pofition, their gravity towards each other i is diminiſhed'by t 
action of the fun; but in the two quarters it is increafed by 
the action of the f. To prevent aking this matter, It 
muſt be remembred, it is not K dt total action of the fun on 
them that diſtürbs tha?” motions, it 18 only that part of its 
action by which it tends to ſeparate them, in the fifſt caſe, to 
a greater diſtance from each other; and chat part of its action 
by which it tends to bring them nearer to each other, in the 
ſecond caſe, that has any effect on their motions with reſpect to 
each other. The other, and the far more conſiderable, part 
has no õtfier effect but to retain them in their annual courſe, 


1h ch chey perform together about the fun. 


8 In conſidering, therefore, the effects of che "__ 8 ackiof 
on the motions of the earth and moon with reff pect to each 
other, we need only attend to the exceſs of its action on the 
moon al ve its action on the earth, in their conjunction; and 
we m confider this exceſs as drawitig the noon from the 

xth towards the ſun in chat — In ian oppoſition, we 


need 
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need only adn the excels of the action of the ſun on the 
earth above 1 its action on the moon, and we muſt conſider this 
exceſs as drawing the moon from the earth, in this place, in a 


direction oppoſite to the former, that is, 9 the place op. 


poſite to where the ſun i is becauſe we conſider the earth as qui- 
eſcent, and refer the motion, and all its irregularities, to the 
moon. In the quarters, we conſider the action of the ſun as 
adding e to the Ye of. the moon e the 


— 


1 Suppole the 1 moon 1 ting out from the 388 chat pre- 
cedes the conjunction, with a velocity that would make her 
deſcribe an exact circle round the earth, if the ſun's action had 
no effect on her; and becauſe her gravity is increaſed by that 
action, ſhe muſt deſcend towards the earth, and move within 
that circle: her orbit, there, will be more curve than other- 
wiſe it would have been ; | becauſe; this addition to her gravity. 


will make her fall farther at the end of an arc below the tan- 


gent drawn at the other end of it; her motion will be accele- 
rated by it, and will continue to be accelerated till ſhe arrives 


at the enſuing conjunction; becauſe the direction of the action 


of the ſun upon her, during that time, makes an acute angle 
with the direction of her motion. At the conjunction, her 
gravity towards the earth being diminiſhed by the action of the 


ſun, her orbit will be leſs curve there, for that reaſon; and ſhe 


will be carried farther from the earth as ſhe moves to the next 


quarter ; and, becauſe the action of the ſun makes then an 


_ obtuſe angle with the direction of her motion, ſhe will be re- 


tarded by the e e 1 0 . LNG 1 was, me : 


” ae . 


6. Thus ſhe ll 1 a little towards w- 2 as the 


moves from t ag: firſt. 5 UE, towards | the ren, and. 
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aſcend from it, as ſhe. moves from the conjunction to the next 
quarter. The action which diſturbs her motion will have a 
like, and almoſt equal, effect upon her, while ſhe moves in the 
other half of her orbit, I mean, that half of it which is fartheſt 
from the fun :; ſhe will proceed from the quarter that follows 
the conjunction with an accelerated motion to the oppoſition, 
approaching a little towards the earth, becauſe of the addition 
made to her gravity, at that quarter, from the action of the ſun; 
and receding from it again, as ſhe goes on from the oppoſition 
to the quarter from which we ſuppoſed her to ſet out. The 
areas deſcribed in equal times by a ray drawn from the moon 
to the earth will not be equal, but will be accelerated by the 
5 conſpiring action of the ſun, as ſhe moves towards the con- 
junction or oppoſition from the quarters that precede them; 
and will be retarded by the ſame action, as the moves from 


the e or oppoſition to the quarters that ſucceed 


7. Our wicker * computed the quantities of theſe irregula- 
rities from their cauſes. He finds, that the force added to the 
ravity of the moon in her quarters, is to the gravity-with 
which ſhe would revolve in a circle about the earth, at her 
preſent mean diſtance, if the ſun had no effect on her, at 1 
ts 1782. He finds the force ſubducted from her gravity, in 
the conjunctions and oppoſitions, to be double of this quantity, 
and the area deſcribed in a given time in the quarters, to be 
to the area deſcribed i in the ſame time in the oonjunctions and 
oppoſitions, as 10973 to 11073. He finds, that, in ſuch an 
orbit, her diftance from the earth in her quarters, would be 
do her diſtance in the conjunctions and oppoſitions, as 70 
7 to . 1 : 
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. * gar nN ,,. was. 


an in v Epi Ho log moves r L a 9, tn: Ir. 
that. 1 is inclined tots in an a 72 about 5 


it is that the centre of, the moon. appe pears to us to trace a dif- 


ferent. circle from the eclif Flic, the circle which the centre of 
the ſun appeats to deſcribe. 1 in t e heavens, Theſe circles cut 
each other in two. oppoſite. points, that are called. by aſtrono- 

mers the nodes of the moon; at the greateſt diftance from uh 
nodes, theſe circles-are ſeparated Fa each other by about five 
de 5 ges. ITbe eclipſes of the ſun and moon depend on their 
| e nodes, at the time of, the new and full 
moon; For, if the change of the 1 mogn k. den when: ſhe, is 


nen one of the . eclip moon 
is füll, near one 0 the nodes, 1h e muſt fall into the ſhader of 
ea 5 i ſtronomer have at 


all times 1 3 | very "attentive to the ſituation of the nodes, in 
order to calculate theſe eclipſes, which have been always a 


phænomenen much conſidered by them. The nodes are not 
fixed in the ſame part of the heavens, but are found to move 


cer all the ſigns in the ecliptic, vals a 08 an ah in 


about eighteen or nineteen ears. 5 


9. Sr Wane, Metten "Of not b N 


Ro TY een chat this e 
Ee action of: the fun, but bas cal ated,. with, 
great ſkill, all the elements and vacetcs in this mation, from 


its cauſe, We called theſe points the oon s nodes, in which her. 
orbit. cuts the plane i in which the earth evolves 2 the ſun, 
and the line es joins the 5 We. call: the line ofthe node. | 


We fay the 5 the nodes is direct "hear they proceed in 


the ſame way as the moon moves in her orbit, viz. from weſt 


to eaſt, according to the order of the ſigns Aries Taurus, &c. | 


TT 1 the ecliptic; and we ſay their mation is * when 


1 5 they 
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they move with a motion contrary to that of the moon, or 
from caſt to welt, contrary to the order of the ſigns. We con- 
ceiye the plane of the moon's motion to paſs always through 
the oentre of the earth and the centre of the moon, and to be 
a plane in which the right line joining their centres, and the 
right line that is the direction of the moon's motion, or the 


tangent of her orbit, are always found. It is certain, that if 


the earth and moon were always acted on equally by the ſun, 
they would deſcend equally toward the ſun; the plane de- 


termined always by theſe two lines, would deſcend with them, 


keeping: 3 parallel to itſelf, ſo that the moon would ap- 


pear to us to revolve in the Cane plane conſtantly, with reſpect 


to the earth. But the inequalities in the action of the ſun, de- 
ſcribed above, will bring 3 moon out of this plane, to that 


ſide of the plane on 1 the ſun is, in the half of her orbit 


that is neareſt the ſun, and toward the other ſide, in the HAN 
of hey orbit that i is fartheſt from the ſun. > 17701102 


10. 00 dds: we e this ws Nh 4 "Ml judging of 5 


the effect of the ſun on the nodes; that while the moon is in 
the half of her orbit. that i is care; the ſun, the node towards 


which ſhe is moving is made to move towards the conjunction 


with the ſun; and while the moon is in the half of her orbit 
which is fartheſt from the ſun, the node towards which ſhe is moy- 
ing is made to move te towards the oppoſition: but when the nodes 


are in conjunction with the ſun, its action has no effect upon 


chem. In the firſt; caſe, the moon is brought i into a direction 
which is on the ſame ſide, as the ſun is, of that direction 


which ſhe. would follow of herſelf: and the interſection of a 
plane paſſing through this direction, and through the centre of 


the earth, will cut the ecliptic. on that fide ur which the 


wann moves, in a RG: nearer the an ſungttan, Aan if there 
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aſs the achten of the fun Has a 
this fue teafbhi, makes the enfuin 


cke fiodes to be in the 
moon ſets out from the node à, that is, in the quarter preced- 
. Actio 


3 12. 5 pes 8 the noe in the Senden ma js as one of 


Aren b. " Ki 'chis iſt 
XK, che node moves to 


gere in 3 1g" —.— — 


Ute by he — While the usr Andes from c te 1; the 


Ns Boox IV. 
Was Bo ation Uf ths ſun to diſturb her motion. Ia the other 


ditection, and for 
nix ode obe Wards the op- 
poſſtion. Wet the line of cke nodes produced paſſes through 


the fun, then the fan, being in tlie plane of the moon's mo- 


tion, has no effect eee pe get 
thit eaſe the node have ne me 5 ar all. 3901-9 36 
W 2 AP YO VESUP2 0 2 „Nit d 10 2 4 1 of: 


591 f From this genetel tale; it APPears, a 1 * fene 


quarters wand e, (Fx. 6%) after the 


nction 5, the enſuing node c moves towards the 
n 5, and is therefore rettegrade; becauſe it moves in a 
offre to that in'which the Moon moves; and, in all 
he reyolution of the moon, the nodes are man foltly retro- 
grade; for, after che moon paſſes the yo that 3 
the conjunction, then the e 0 zVes to) 


0 — D, = An boon waned are, in | that Hy of her abi 


* 


rte re and the 
ahnden, B 2 My general 
tion is direckt. While 


2 


the moon moves from che enſuing node 2 moves to- 
wards the conjunction 5, and 1 refore'is retrograde; and be- 


while the arc & C exceeds AN, che retrograde mation exceeds 


Un wen towards the vppoRtion. », and the mo- 
n nodes is then direct. But while the moon moves 


3 1 from 
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from u to 4, the enſuing node. x moves towards the oppoſitian 
b, and then the matiog ef the podcy being, contra to the 
motion of che moon, their motion is retragzade;s and hecauſe 


- the arc nA exceeds 7 e, it is —_— that the was * 
een than direct. 


13. When: (S 68. one node N is between the conjunction 
y and enſuing quarter c, while 
enſuing node moves towards the conjunction 3, and therefore 
is retrograde: While the moon moyes fram x ta o the enſuing 


the aro A N exceeds N e, the retregrade mation ef the nodes 
muſt exceed the direct motion. While the moen moves from 
e to u, the motion of the enſuing node is towards the oppaſt- 


tion d, and is therefore retrograde. While the moon mqves 


from 7: to a, che enſuing node N moves towards the ppoſition 


D, and therefore is direct. But, as the arc en exceeds a, it 


allows that the retrograde motion exceeds the direct maten. 


It appears, nr that in every revolution of the moon, 
the —_—_ motion of the nodes exceeds the direct motion, 
- excepting only when the line of the nodes paſſes through the 


ſun, in which caſe there is no motion of the nodes at all. 


We ſee then, how, from the principle of gravity, the nodes 
of the moon are made to recede every year. Our author has 
determined the quantity of this retrograde motion in every 
revolution of the moon, and in every year; and it is no 

ſmall pleaſure to ſee how exactly the theory of theſe motions, 
drawn from their cauſes, agrees with the obſervations of aſtro- 
nomers. He finds, from the theory of wy that the nodes 
; Ls to move. backwad Dons. I 1 xe 8 I de 


0 rn. Lib. i. Poop 25. eee Nut rd a e olg on 
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the moon moves from a to x, the 


node moves towards the conjunction, and is direct. But as 


& of a e 
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and or eee, tables male this motion 19* 21 21”; 


992 e S A A OE WO N 


_Whoſe'd « i not zg ofthe whole motien of the nodes i 10 5 
Ke a mere côrrect cumputation of this 'motion frm 
its cauſe the the fervation agree within a deg 


ſeconds. 5 


01g! op; The Anil jon of the moon bdit to „ the ecliptic, 
alſo ſubject to many variations. When the nodes are in the 
quatters a and c, while the moon moves from the quarter a to 
5 me conjunction B; the action of the ſun diminiſhes the incli- 
. mation of the plane of her orbit; the inelination of this plane 
is leaſt of all when the moon is 3 the conjunction u f it in- 
12 again as ſhe moves from the eonjunction 3 to the next 
quarter at c, and is there reſtored to its firſt quantity nearly. 
When the nodes of the moon are in B.- and », fo that the line 
of the nodes paſſes through che ſun, the inclination of the 
moon's orbit ĩs not} affected dy the action of the ſun; becauſe, ; 
im that caſe; the = of . orbit produced paſſes through 
the fun : and therefore the action of the ſun can have no effect 
to bring the moon out ef this plane to either fide. It is in 
this laſt caſe that the inelination of the moon's orbit is greateſt; 5 
i decreaſes as the nodes move towards the quarters; and 
1 it is leaſt of all when the nodes are in the quarters; and. che 
= either in the conjunction or oppoſition. Qur author cal- 
= evlates theſe irregularities from their caufes, and finds his con- 
Autos Ae you: WR with 0s; ion: of _— 
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. 7 Fd ; | % 8" TP} . 7 . 1 4 2 1 1 i 1 y * : 4 
45 : * 5 2 1 F £42 p "i. Us 4 ** 3 n } * kf f 1 * 3 55 A 1 7 * . # a ef 
4 r * at © 5 4 E _ i _ * 17 { « 2 - + F : * _ 
: * * ö 
£ 4 5 * « Fy % #. * . s 5 + we” p Y F > \ 5 5 * 7 : 
} : 4 , % f 5 ; * 8 * 5 5 5 * 62 443 
+ 8 * . * ö i BIT ; 
TEM 


To make the faregoir eee e moon's nbd Bill clearen | 
we have added Fj ig. 69, (Plate VI.) in which, the plane of the ſcheme repreſenting 
that of the ecliptie, s is the ſun, T the centre of the earth, L the moon in hier orbit 
pNdn; N is the line of the nodes g between the . 
and the moon's place 1, in her laſt quarter. Let 4 p, e Ls, repre- 
ent the exceſs of the ſun Marat "above lis action at r, and this being reſolved: 


into. 


* nn — r wage . : 2 j "TY 
; F 


dun. PHILOSOPHIOAL DISCOVERIES, 333. 


15. The action of the 7520 dmiviche 2 of themoon 
towards the earth, in the conjunctions and oppoſitions, more. 


than it adds to it in the quarters, and, by diminiſbing the force 


which retains the moon in her orbit, it increaſes her diſtance 


from the earth and her periodic time: and becauſe the earth 
and moon are nearer the ſun in their perihelium than in their 
aphelium, and the ſun acts with a greater force there, ſo as to 
ſubduct more from the moon's gravity towards the earth; it 
follows, that the moon muſt revolve at a greater diſtance, and 
take a longer time to finiſh her revolution in the perihelium of 


the earth, than in the bel $; and this, alſo is conformable 


to obſervation... r 5 


I <6 Thers.. is 1 e e mula in, the, moan! 8 


motion, that alſo ariſes from the. action of the ſun: I mean, 


the progreſſive motion of the apſides. The moon: deſcribes, an 


ellipſe about the centre of. the earth, having one of the foci in 
that centre. Her greateſt and leaſt diſtances from the earth 


are in the apfides, ox, extremities of the longer axis of the 


ellipſe. This is not found to point always to the ſame place, in 


the heres, but to move with a progreſlive motion forwards, | 


0 as to 1 a revolu tion round, the earth's cen fre in about 
ee d ice #08 AN wien, C 


4 5 | 7 | 


into a the En L 15 4 Rae al > 50 * > of the: moon 3 Rh fe. p * Ra 
dd it, tis the formte Ohh 155 that has any effect to alter the poſition of the orbit; and 
in this it is wholly exerted. Its. eſfelt i is twofoldꝰ; (1.) It diminiſhes-its inclina- 


tion, by a motion which we may, conceive as performed round the diameter p d, to 


Which L T is perpendicular. (2) Being compounded with the moon's tangential 


motion at 1, it gives it an intermediate direction 1 7 ; thro* which, and the centre of: 


the earth, a plane being drawn muſt mect:the.ecliptic: nearer! the conjunRtion'e . 
before: and in the ſame manner, the other caſes are. Explained, 1 
e 1 1 . 

1 71 by 

e 30 58 14.948 142 4 * 101 53 hs 925 12 1; 
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70 underſtand the reaſon ef this motion of the apſides, we 
muſt recollect what was ſhewed above, that, if the gravity of 
a body decreaſed leſs as the diftance increaſes, than according to 
the regular courſe of gravity, the body would deſcend ſooner 
from the higher to the lower apfis, than in half a revolution ; 
and therefore the-apfis would recede in that caſe, for it would 
move in 4 eontraty direction to the motion 'of the body, 
meeting it in its motion, But if the gravity of the body ſhould. 


decreaſe more as the diſtance increaſes than according to oe 


regular courſe ef gra that is, in a higher pro proportion than 
as the ſquare of the 1 ay increaſes, W. body would take 
more than half a revolution to move from the higher to the 
lower apſis; and therefore, in that caſe, the apſides would 
_ 4 Aae be in the ſame dire tion as the body, 


he the Qavess; the fan's a8tion adds Epe vity & th 
ee the foroe it adds is greater, as the diſtance of the 
moon from the earth is greater; ſo that the action of the ſun 
hinders her gravity towards the earth, from decreaſing as much 
while the diflance increaſes, as it ought to do according to the 
regular courſe of gravity ; and therefore, while the moon is in 
the quarters, her apſides muſt recede. In the conjunction and 
oppoſition, the action of the ſun ſubducts from the gravity of 
the moon towards the earth, and ſubducts the more the 
greater her diſtance from the earth i is, f as to make her 
gravity: decreaſe more as her diſtance increaſes, than according : 
to the regular courſe of gravity ; and therefore, in this caſe, 
the ar Pages. are in a progreſſive motion. Becauſe the action af 


bdudts more in the conjunctions and oppoſitions from 
; bes noo than it adds to it in the quarters, and, in general, 


diminiſhes more than 1 it au gments her KR ; hence i it is that 


the 
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the progreſſive motion of the apſides exceeds the retrograde 


motion; and therefore, the pfides a are ien found en 
i the dale of che igen. 8 


17. Thus the various irregularities of the moon's motion are 
"explained from gravity : and from this theory, with the af 
| tance of a long ſeries of accurate obſeryations, her motion m 
be at len * reduced ſo exactly to computation, and her ap- 
pulſes to the fixed ſtar „ over which ſhe pattes 1 in her courſe, Z 
may be predicted with ſo much accuracy, as to afford, on many 


occaſions, an a to navigators, to diſcover their lon- 
gitude at ſea. 


jo H A P. v. 


| 07 FN path of a ſecondary Planer upon an imwoncabl tne ; 3 
with an illuftration of Sir Iſaac Newton's account of the 


motions of the ſatelli zes, from the theory of gravity *. 


TN deſeribing the motions of the folar ſyſtem, it is ufual to 
| conſider the primary planets, as revolving in immoveable 
planes, but to refer A's motions of the fatellites to planes that 
are 2 along with their primaries about the ſun. Sir 1/aac 
Are follows the fame method, in accounting for their mo- 
tions from the cheory of gravity: by this analyſis, the expli- 
catiom of the motions themſelves, and of the powers that pro- 
duce them, is rendered more ſimple and eaſy, than if we 
ſhould refer che motion of the ſatellite to an immoveable plane, 

and contemplate only the path def cribed by it, in conſe- 


"one of fo ons e a motion, in abſolute ſpace. . i 


pre : 
— > * * 


2 The following cpi, as Belonging y to/this place, is inſerted rom a 


| Tetter of the author, to ls Tarned friend ar Benjamin. en. has to his 


bs. on houſehold. 
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— W; towards: the. fun : and this is the caſe of the 
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The N ne & this dam are more e Magde than 
perhaps will be expected on a ſuperficial conſideration of it; 
and the referring of the motion of the ſatellite to it, may be of 


uſe on ſome occaſions, particularly-for reſolving the difficulties 


ſome have found to underſtand Sir 1/aac Newton's account of 


the motions of the ſatellites, - 


om gravity. This path i is, in 


ſome caſes, concave towards the ſun throughout; in other 


caſes, the part of it neareſt the ſun is convex towards the ſun, 


and the ra is concave. An inſtance of the former we have 
| in! the moon, of the latter i in the fatellites of the wy mica 


The 1855 that booths the cane uf 'the ſatellite i into a hn, 
when the motion is referred to an immoveable plane, is, at the 
conjunction, the difference of its gravity towards the ſun, and 
of its gravity towards the primary. When the former prevails 
over the latter, the force that bends the courſe of the ſatellite 
tends towards the ſun ; ; conſequently, the concavity oF: the af yrs 


appear afterwards. When the gravity towards the primary ex- 
ceeds the « gravity towards the ſun, at the conjunction, then the 


force that bends the courſe of the ſatellite tends Lene ante the 
primary, and therefore towards the oppoſition of the ſun; 
conſequently the path 1 1s there. convex towards the ſun : meet} 


this is the caſe of the ſatellites of Jupiter. When theſe two 


] forces are equal, the path has, at the conjuncti ion, what mathe- 


maticians call a point of rectitude; in which _ n 
the Path i. is ooncave ee the en throughout. -/; 


2 01 110 AE 5 = 


Becauſe che gravity ty of the moon h the ſun is Fs 5 


be greater, at the conjunction, than her gravity towards the 
; earth, ſo that the FO of . attraction, n thoſe two 


_ powers 


- 
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powers would ſuſtain each other, falls then between the moon 
and earth, ſome * have apprehended that either the parallax of 
the ſun is very different from that which is aſſigned by aſtrono- 
mers, or that the moon ought neceſſarily to abandon the earth. 

This apprehenſion may be eaſily removed, by attending to what 
has been ſhewn by Sir Iſaac Meuron, and isilluſtrated by vulgar 
experiments, concerning the motions of bodies about one an- 
other, that are all ated upon by a third force in the ſame di- 
rection. Their relatiye motions, not being in the leaſt diſturbed 
by this third force, if it act equally upon them in parallel 
lines; as the relative motions of the ſhips in a fleet, carried 
away by a current, are no way affected by it, if it act equally 
upon them; or as the rotation of a bullet, or bumb, about 
its axis, while it is projected in the air, or the figure of a drop 
of falling rain, are not at all affected by the gravity of the par- 
ticles of which they are made up, towards the earth. It is to 

the inequality of the actions of the ſun upon the earth and 
moon, and the want of paralleliſm in the directions of theſe 
actions, only, that we are to aſcribe the regularities 1 in the 
motion of: the moon. 


ls it may done 8 removing this Ae to 
obſerve, that if the abſolute velocity of the moon, at the con- 
junction, was leſs than that which is requiſite to carry a body 
in a circle there around the ſun, ſuppoſing this body to be 
acted on by the ſame force which acts there on the moon, 
(i. e. by the excels of her gravity towards the ſun, above her 
_ gravity. towards the earth,) then the moon would, indeed, 
abandon the earth. For, in that caſe, the moon having leſs 
velocity. than would be neceſſary to prevent her from defend — 
ing wikhin. that circle, ſhe would. On 6 to the fun, and r. re- 


* See cala puerilis. 5 ans ls oo. yo: 1 
. | l 


— 
_ 
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2 hs this, earth. But tho the abſolute velocity of the 


remaining force only. 
conjunction, the moon is carried without ſueh a eirele, 


| month. me 
— ye in a manner ſimilar to char in which the 


e ae def 


s W its velocity 


* 


oon, at the conjunction, be leſs than the veloeity of the earth 


in 20 annual orbit, yet her gravity towards the fum is ſo much: 


diminiſhed by her gravity. towards. the earth, that her abſolute- 
velocity is ſtill much or to.that which is requiſite to carry 
a body in a circle, there, about the ſun, that is acted on by the 
Therefore, from the moment of the 


ing continually. from the ſup to greater and greater diſtanees, 


5 till ſhe arrive at the oppaſition; Where, being acted om by the 
eee is requiſite to/ carry. a b in a ciele, th 


thoſe two 


gravities, NI 


er: + velocity being now lefs. 


the ſun, that is acted on by a = the equal- — — 


moon thence r to _ to che fa fun again. Thus ſhe 


Bes to it by turns; and in every 
th has two  aplides, a  peribelium at the con- 


oppoſition; between which 


n cheir apfides. he planet re- 
om the ſun at the perihelium,. becauſe its velocity, there, 


— ee _ that with which a circle could be deſcribed 


the dame diſtanee, by the ſame centripetal 
> 5 wry approachte werd he ſun from the aphelium, 
there, is leſs than is requiſite, Sex, ik 11 
2 circle, at that diſtance about dle een "be: FOR” "Fear 9 8 ” 


Ela, Art. go. =O "hp 15 


Wehe 


pech of che r men be concave e ward the furs 


ewe: hare its curvature is very unequal: it is leaſt at each 
lower apſide or oonjunction, and 


A at each Higher apſide 
or oppoſition. The path of a ſatellite of Jupiter has like- 


wife two apſides, in the part which is deſcribed every ſynodic re- 
5 volution; but 1 in the lower e the convexity” is towards 


the 
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the ſun; and it has eo + two Rn of W ee flexure f in 
. ſuch part . i 0:84 


By conſidering this mend we * arte at the Gains con- 


* which Sir Jaac Newton derived, more briefly, from 


the laws of motion; that if the ſolar action was the ſame on 


the ſatellite and on che prim 
the motion of the ſatellite around: the primary, would be the 
dame as if the ſun was away. This Will appear from the fol- 
lowing propoſitions, where we ſuppoſe the orbits of tlie primary 


about the ſun, and of the fatellite about the primary, to be 


both circular, and the worn in Ge: Thebes” to o be uniform 
and in the ſame baute * a 4, 


1 ; 
p 4 7 1 Y "WW 4 * 311 > F L 9 
8 4h 7 x - : "F. \ ? 3 4 
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PROPOSITION: 1. Er. 7e, „. v. 
Te path of the. 


; P = 7 
14 


1 


q alle, on an Anke plane, is the epi 


Id that is deſcribed, hy. a: given point in the Plaus of @ circle, 


which revolves on 4 citrulat baſe, Paving its centre inthe centre 


of the ſun, and its diameter. in the fame proportion t0 the dia- 


meter of. the reuolying cirule, as #he;\periadic time: of rbe pri: 
mary about the ſun; is the time of the fynadie:revalution of « the 
ſatellite about the primary the- tangent of the path, is perpen 


dicular to the right line that jains the ſatellite io rbe xontat? of 


| the two circles and the. opt: i nat 2 hs Wes is nee 
as its di MHance from that contact. is HA. ava 


Let r denote che 4 time of the primary about the 
fun, the periodic time * the ſatellite about the primary. Let 
s repreſent the. ſun, A à the orbit of the primary; upon the 
0 AS, takes, A Eto 4 6 a8 t is to . en EK centre s de- 


1 8 . ? 7 435: 


» See reg not to Coral, I; Prop II, Fw | 
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and in the ſame direction, 
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ſcribe the circle = e, and from the centre à the circle E x. 
Let this circle E Mf revolve 'on the other E ez, as its baſe”: 
then a point 1, taken on the plane of the circle E M r, at the 


diſtance 4 1, equal to the | diſtance" of the "atellite from the 
ctw 17 e deſeribe ay K 7 of he ſatellite.” 


r ſuppoſe the PER x Mt F to move into ths Cetintich) em wf, 
As point à to a, L to , and let à L and 41, produced, meet 
K Mr and emf, in and . Upon the arc ein take e U, 
then the angle ear=n AM. Let ar meet the circle c 7d, 
deſcribed from the centre a with the diſtance a7, in 9; And 
becauſe 2ag= EA, the angle 9 repreſents the elongation 
of the ſatellite Hoe the ſun at its firſt. place E. Becauſe em 
(=er+rm)=er+ EM and ex u, it follows that rn en; 
nfequently the angle 5am s HABE T7. 7; 
or, as the angular velocity of the fatellite from the ſun, to the 
angular velocity of the primary about the ſun. But s e is 
ho "angle deſcribed by the primary about the fun, conſequently 
1a n, or a J, is the fimultaneous increment of the elonga- 
tion of the ſatellite tom the ſun ; 7'is its place when the 
primary comes t& 4; and the epicyeloid deferibed ns Li is s the 
NG emo: = 97 ooo 


1 12 ff B { JJ FE RC Oo re 
1 the ecke wy moves 6n the pelle E, he altert 
4 | of the motion of any point 1 1 is perpendicular to E L; or the 
1 tangent of the path at {ny point 2. is perpendicular to EL. The 
MW velocity of any point 1. is as its diſtance x L; and, the mo- 
| . tion of the primary a being ſuppoſed uniform and re T Rd : 
| . : 4 E Ay bed e of the incline FRA be n by EL. 
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PROPOSITION II. 


| Upon | AS tale 43: 4822 t t.: Tf 8 a: 4B: 24k: 486); 
upon the diameter Ek B deſcribe the circle x K meeting E L in k, 
tale 1.0 a third proportional to L K and L E, on the ſame fide off 
L.with L K; and o ſball be the centre of the curvature at L of 
the Parb, and LO the ray f curvature. | 
Becauſe E L and. el. arg pb ici en to the path at the 
points L and /, let them be produced, and their ultimate in- 


terſection o ſhall be. the centre of curyature-at 1. Produce e 
till it meet L k in v, join s v, and the angle s e v=gea=LEaA 
s E V; conſequently the angle e vE es E, the angle x Vs 


Ses, and the angle £vs=Ees, and s v. is viewackly 
perpendicular to x O. Now the angle x oe is ultimately 
to x Ve (= se) as E v to Eo, 8 is (becauſe · V: E K 
ES: EB: : A 8: 4 ) as E. KAS to EO AE. But the 
3 motion of x L being equal to the angular motion of E a, 
while the circle EMF turns on the point E, I EA is therefore 
ultimately equal to à Ea, which is to ES e as 8 4 to a 3 [38d 
Eoe being to LEJ as E L to Lo, it follows that Boe:ESe: 


S AXEL: AEX LO: : EKS A: EOxAE.. Therefore EL: I 0: 


EE: EO, and IU K: L OE I, r LT, E 3 


| continued proportion. This theorem ſerves for determining 


the ray of curvature, of epicycloide and cycloids of all ſorts; only 
when the baſe Ee is Aran 1 B een and EB. RUG 


Fe 
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1 * 11 8 AL or ac is leſs than. A B, "then (becauſe 
1 o is always on the ſame fide of the point L with L x) the 
path is concave towards s throughout. When a c = a B, the 
curvature at the conjunction vaniſhes, or the path has there A 
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een a b tt u x, een 
\the 1 can be ATA ed on ant immoveable plane, is always 

directed to. the poin B pom the ray as; and is always age 

yl the diſlance of the oy from "the point B, the gravity of 
"the e en the fun being "as __ ” REES 

Hop a 5} e 57 art. 24 | 3; 1 

e a by which this path could be de- 

cable, plane, to be A Wat into a en 


perpendicular to the and 
2 cfie> on the velocity Re 


eee ee eee 
tards hp conan of of th 6 te The former of theſe is mea- 


n, the gravity of the primary to- 
wards tl ng meaſured by az. For the farmer is to the 
gravity of Nu primary towards 8, as rg to 1g. (theſe forees he- 
ing Grey as the ſquares, of che velocities, and inverſely as the 
1 af "we ee e ant 36, 20 A to * by. Prop. II. 
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As x, theſe points meet again, and dg AY WEED: de.” 
8 A E, the path has a nodys : which laſt in tho caſe of the jnveregalk of the fatel- 
0 Jupiter and Saturn 
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Therefore the gravity of the primary being repreſented * 455 
the former force will be meaſured by L x. 


The ſecond force that acts ow the ſhtellite in the deco of 
the tangent of its path, and accelerates or retards its motion, is 
as the fluxion of the velocity EI. directly, and the fluxion of 
the time inverſely. The fluxion of the time is meaſured by 27 
(xa being, the arc deſcribed by the rimary, and EA the 2 
eity with which it is defcribed) = ge- (ſuppoſing 
an and qu to be perpendiculars to eli in ꝝ and u, becauſe [9:14 : : 
4c: an, or AC: A N) FRA Zig. Therefore the force which 
is meaſured by Lu, the fluxion of the velocity I. Is £ "og 
divided by the fluxion of the time or 2, is meaſured by B K. 

The force, therefore, in the direction L K being meaſured by 
u k, and the force in the perpendicular eng K 5 by k B, 
the wine force i is weaf red ed 25 N dite ged from 


1 to B. . 
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It ap 85 PER. 2s bas MG AT 885 the 15 
may be qa Gon. by : a force directed towards' the point z By (pt ich. 
is given upon the ray A s, but revolbes Aer ng. wi L this ray a- 
bout s) or by any forces iich, 'compountded'tog ther, generate 
a force tending to x, and always 1 100 L's, the di- 
ſtance of the fatellite from zx. Let IH be equal and paral- 
lel to AB, and 4 B H. — Pf ae and: the (force 4 
L x may be chmpdundech of l. o ind" L & j tht is; the force. 
1x may be the reſult of a' force $ 1 Hadi ing on ty, Atellte, 
equal and parallel to ks, the gravity” of the primary towafds 
| the ſun, and of a force't, x tending to tie liv Ao 
to the gravity by which: the ſatellite would deſtribe the circle 
eL about the primary, in the ſame periodie time 7, if the 


: ſun, was. A 3 eee ſuch a fen & . 1 7 . Te e of he 
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Thus we arrive at the Gina concluſion which Sir Iſaac ” 
” N ewton, more briefly, derived from an analyſis of the motions 
of the ſatellite; tac while the fatellite gravitates towards the 
primary, if, at the ſame time, it be acted on by the ſame ſolar 
Was as the primary, and with a parallel direction, it will re- 
volve about the primary, in the fame manner as if this laſt 
was at reſt, and there a no folar action. Theſe two forces, | 
the gravitation towards the ary, and a force equal and pa- 
rallel to the gravitation 0 the primary towards the ſun, are 
exactly ſufficient to account for the compounded motion of the 
ſatellite in its path, however complex a curved- line it may ap- 
pear to be. Nor is there any perturbation of the fatellite's 
motion, but what ariſes from the inequality of the gravity of 
the ſatellite, and of the pr. imary towards the ſun, or from 
their not acting in parallel lines. If we ſhould ſuppoſe them 
to move about their common center of gravity, while this is 


ound the ſun, or if we ſuppoſe. the orbits to be ellip- 


carried ro 
tical, the concluſions. wil ſtill be found conſonant to what was 
more OY! deduced * this 1 . . | 
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07 the figure f the earth and the proj 17 the , 


IF the: earth \ was fluid, po had no motion on its axis, 
the equal gravitation of its parts towards each other 
would, give it a figure exactly ſpherical, the columns from the 
ſurface to the center mutually ſuſtaining each other at equal 

heights from it. But, LS. of the diurnal rotation of the 


a on its axis, the 8 of the F at the equator is di- 
miniſhed 
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miniſhed by the centrifugal force ariſing from this rotation; 
the gravity of the parts on either ſide of the equator is dimi- 
niſhed leſs, as the velocity. of rotation is leſs, and the centri- 
fugal force, ariſing from it acts leſs directly againſt the Oy 
of the parts; while the gravity at the poles is not at all 
tected by the rotation. The equilibrium that was ſuppoſed to 
be amongſt the parts will not, Ss rH now ſubſiſt in a ſphe- 
rical 2%. but will be deſtroyed by the inequality of their 
gravitation, till the water rife at the equator and fink at the 
les, ſo as, by a greater height at the equator, to compenſate 
ce greater gravity at the poles; and till, by aſſuming an in- 
termediate height | in the 9 places, the whole earth 
become of an oblate ſpheroidal form, whoſe diameter at the 
_ equator will be the greateſt, and the axis the leaſt, of all the 
lines that can 1 through t the center. 


2. If Tg gravity of a bady at the equator 1 was a” the 
motion of rotation would there make it go off in a tangent to 
the earth; and by moving in the tangent it would riſe, in a 
ſecond of t time, from the: 1 body of the earth, as much 
as one extremity of the arc which bodies deſcribe chere, in a 
ſecond, falls below the tangent drawn at the other extremity: 
and this is found to be a ſpace of about 7, 54 lines, French 
: meaſure. , The effect of the centrifugal force of bodies at the 
- equator, in a ſecond of time, is proportional to this ſpace, The 
effect of the centrifugal force at any place at a Alen from 
the equator, for example, 8 Paris, is leſs for the reaſons a- 
boye mentioned; and, there, it is found, by calculation, 7 
that it could only produce a motion of 35267 lines 1 in a =: 
cond. Add this to what, by experiments, bodies are found 
to deſcribe by their gravity at Paris, viz. a5 feet, 1 inch and 
2 lines, and the ſum 2177,267 lines will Vow the ſpace which | 
1 bodies would deſeribe N der gon „ in 3 ſecond of time, if 
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thy ada then bodies at the poles, will be gages en by , 
addi 


nne 
13 


l matter being near * it; 
1 4 er the D "01 | ms gn "Hh 
axis ; will be different. What we - have ſaid of a fluid earth 
muſt hold of the earth in its preſent ſtate ; for if it had not 
this figure in its ſolid parts, but a ſpherical figure, the ocean 
would overflow ] all the e quatorial regions, and leave the polar 
regions elevated many miles above the level of the ſea; whereas 


we find the one is no more elevated n the Jerel of the, 
Ocean, than the other, 
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5. The planet Jupiter 3 on his 
MEAL than our earth, and finiſhes his diurnal rotation in «ie 
than ten hours. - The, denſity Lin: planet is alſo leſs ; , and 
= his figure, is more. different fr 2 a ſphere, than the, 
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parts of the earth's orbit, 70 225 is on one ſide of the plane 
of the er uatar 3 being to the nort x of, it in the mmer half 
of the year, r 4 tO | th. FR i We wk ter half. Theſe 
equinoctial points are not fixed in the heavens, 1 hk have a flow 
motion, from eaſt to weſt, among the ſtars, of about 50“ in 
a year; e it is, that the interval of time Wei any 
equinox and that: lame « :©quingX, i og following revolution, of 
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and all the hots 4 in it; ſo the ſituation of the parts of the 
earth, with reſpect to ach: other, can be no way affected by 
any power that acts with the ſame force, and in the ſame 
direction, on N Part, and Promotes « each equally. | 
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their fall; while the more remote parts would fall with the 
ſloweſt motion, being leſs. attracted than the reſt, and be leſt 
a little behind the bulk of the earth, ſo as to be found at 
a greater diſtance from the centre of the earth than at the be- 
ginning of the motion. From which it is manifeſt, that the 
earth would ſoon, loſe. its ſpherical figure, and form Itſelf ; into 
an, oblong ſpheroid, whoſe longeſt diameter would point at the 
centre. 8 2 the moon. If the particles of the earth did not gra- 
vitate towards each other, by towards the moon. only, the. 
diſtances betwixt the parts of the earth that are ſuppoſed to be. 

_ neareſt to the moon, and the central part ky would.continually 3 in- 
creaſe, becauſe of their greater celerity in falling; and the 
diſtance betwixt the central parts, and the parts that are fartheſt 

from the moon, would increaſe continually. at the ſame time; 
theſe being left behind by the. central parts, which they would 

follow, but with a leſs velocity. Thus the figure of the earth 
bes, become more and more. oblong, t that diameter of it 
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But. this is not the only. reaſon why the earth w ould ſoon. 8 . 
ſume an oblong ſpheroidal form , If, its parts were allowed. 6 - 
fall freely by their gravity towards the moon's centre. -The la- 
teral parts of the earth (that is, thoſe which are at the diſtance * 
of a, quarter of a. circle from the point which is directly belou / 
the moon) and the cen nal parts deſcending with equal velo- 5 
cities, towards the ſame point, viz. the centre of the moon, in 
approaching to it, would manifeſty approach, at the ſame time, 
to each other, and, their Aiſtance growing leſs, the diameters, fk 
of the earth paſſing through them would becaine les ; ſo that 5 
the diameter of the earth that points towards the mon would 75 
increaſe, and thoſe. diameters 1 5 the earth that are perpendi- "Is 
cul, to the line Joining the centres of the earth and moon, 
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would decreaſe at the fame time, and render the 9 of the 
r ſtill more 3 reaſon. 


| de at be ch ur M mee ue Hattie: ds 
its centre; and, as this gravitation far exceeds the aQion of 
the nition; and much more exceeds the differences of her 
actions on the different parts of the earth, the effect that will 
_ reſult from the inequalities of theſe actions of the moon, will be 
only a ſmall diminution — the gravity of thoſe parts of the 
earth which it endeavoured, in our former ſuppoſition, to ſepa- 
rate from its center, and a knall addition to the gravity of theſe 
parts which it endeavoured to bring nearer to its center; that 
is, thoſe parts of the earth which are neareft to the moon, 
and thoſe which are fartheſt from her, will have her _ 
towards the earth fomewhat- abated z whereas ne 
parts will have their gravity ir d: ſo that, if che earth 
be ſuppoſed fluid, the columns from the center to the ak 


and to the fartheſt parts mult riſe, till, by their greater height, 
they be able to ballance the other columns, whoſe gravity is 


either not fo much diminifhed, or is increafed by the inequali- 
bo of the 


tes of the ich f the oe: and thus che 
fluid earth mul be alt an N * 


| wi its gravity Let us now cor wider the earth as nary in aN 
dechon, 55 70 as to move round: the centre of gravity of the earth 


and moon: i is manifeſt,” that the pravity of each particle to- 
wards the moon will endeavour to bring it as far from the tangent, 
moment of t ne, as if the carth was allowed to fall 


freely towards the moon; in the ſame manner as any projeRtile, 


at our earth, falls from the line of Projection as far as it would 
4 faſt 1 45 its gravity — "tl the ſame time. Therefore 


DR | ehe 
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the parts of the earth neareſt to the moon, will endeavour to 
fall fartheſt from the tangent, and thoſe fartheſt from the moon 
will endeavour to fall leaſt from the tangent, of all the parts of 


the earth; and the figure of the earth, therefore, will be the 
Lame as if the earth fell freely towards the moon: that is, the 


earth will ſtill affect a ſpheroidal for having its 1 dia- 
meter directed towards the moon. 


What muſt be carefully attended to here, is, that it is not 
the action of the moon, but the inequalities in that action, 
that produce any variation from the ſpherical figure ; and that 
if this adion was the ſame in all the particles as in the central 
parts, and acted in the fame direction, no ſuch change would 
enſue. Our author, therefore, to account for this matter, 
conceives firſt the attraction of the central parts to be diffuſed 
with an equal force over all the parts, in the fame direction, 
and then corceives the incqualities as arifing from a power 
fuperadded, and directed towards the moon where there is an 
exceſs, and directed in the oppoſite line where there is a de- 
fect, in che attraction of the parts, compared with the at- 
traction of the central parts: for thus the ſum of theſe forces, 
in the firſt caſe, will account for the attraction where it exceeds, 


and their difference will account for the attraction where it is 


leſs than in the central parts. And when the effects of theſe 


powers are conſidered as they affect the figure of the earth, it 
is manifeſt that they muſt produce ſuch an oblong ſpheroid as 
. we have deſcribed ;_ the fu peradded force drawing the parts 
neareſt the moon Towards her, and therefore from the 275 8 
centre, While it draws the parts fartheſt from the moon in an 
oppoſite direction; and therefore ſtill draws from the centre of 
T the cards alſo. 8 | | 


. 5 The 
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The ation! of the moon on the lateral parts is reſolved into 
two, one equal and parallel in its direction to her action on the 
central parts, and another directed from thoſe lateral parts to- 

. wards # centre of the earth ; the firſt of theſe can * no 
effect upon the figure of the earth, being conſidered as com- 
mon to all the particles, and therefore to be neglected in this 
enquiry : it is the other that adds to the gravity 55 the lateral 
parts towards the centre of the earth, and, by adding to the 
weight of the lateral columns, it N tha ſuſtain the other 
columns, whoſe gravity is diminiſhed by the action of the 
12 to a greater height; and the power which alters the 
ſpherical figure is to be eſtimated as the ſum of two powers; 
x ao which is added to the gravity of the you, 4 ad is eee 
Ramm the gravity of. the other. q 


- Hitherto we ou abſtracted 84 15 motion c che maths on 
its axis: but this muſt alſo be conſidered in order to know the 
real effect of the moon's actions on the ſea. Was it not for 
this motion, the longeſt diameter of the ſpheroidal figure, 
which the fluid earth would aſſume, would point at the moon's 

centre; but, becauſe of the motion of the whole maſs. of the 
earth on its axis from weſt to caſt, the moſt elevated part of 
the water no longer anſwers preciſely to the moon, but is 
carried: beyond the moon N the ad in n the Annen of | 
the rotation. 1 

The water continues to aſh af ter it Tas paflecd directly unden 
the moon,  tho' the immediate action of the moon there begins N 


to decreaſe, and comes not to its greateſt elevation till it has 


got half a quadrant further. It continues to deſcend after it 
has paſſed at 90 degrees diſtance from the point. below the 
moon, tho' the force which the moon adds to its gravity be- 
2 ns to decreaſe there. For ſtill * action of the r moon adds 
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to its gravity, and makes it deſcend till it has got half a qua” 
drant farther : the greateſt elevation, therefore, is not in th? 
points which are in a line with the centres of the earth and 
moon, but about half a quadrant to the eaſt of cheſe ani in 


the direction of the motion of rotation. 
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Thus it appears that the beseickl form, which the fluid 
earth would affect, will be ſo ſituated that the longeſt dia- 
meter of that figure will point to the eaſf of the moon, or 
that the moon will always be to the weſt of the meridian of the 
parts of greateſt elevation. Suppoſe now an iſland in this 
fluid earth, and it will approach i in every revolution to each 
Elevated part of this ſpheroid, and the water on the ſhore of 
this iſland will neceſſarily riſe twice every lunar day; and the 
time of high water will be when it approaches to theſe elevated 
parts, that is, when it has paſſed to the eaſt of the moon, or 
when this moon is at ſome diſtance to the weſt of the meri- 


we Have kitherto TTY notice of the ben of the 1 moon 
il but it is manifeſt, that, for the ſame reaſons, the in- 
equality of the ſun's action on the different parts of the earth 
would produce a like effect, and that theſe alone would pro- 
duce a like variation from the exact ſpherical figure of a fluid 
earth. Indeed the effect of the ſun, becauſe of his immenſe 
diſtance, muſt be conſiderabl lefs, tho' the gravity towards 
the fun be vaſtly greater. For it is not their actions, but the 
; inequalities i in the actions of each, which have any effect; as 
we have often obſerved. The fun's diſtance is fo MY that me”. 
diameter of the earth is as a point compared t to it, and the dif- | 
ference between the actions of the ſun on the neareft and 
fartheſt parts becomes, on this account, vaſtly leſs than it 
would be if the ſun was as near as the moon, whoſe diſtance 
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| a becauſe the one raiſes the water in that caſe, where 


the ſpring and 
as in other caſes, ſo in this, the effect is not greateſt or leaſt 
when the immediate Fr Wag of the cauſe i is greateſt, or leaſt. 8 
As the greateſt heat, for example, is not on 5 r >a 
hem the immediate action of che Jun is e but ſome . 
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from us is about 30 diameters of. the earth. Thus the in- 
equality of the action of the earth on the p parts of a drop of 


Water is altogether inſenſible, becauſe the diameter of the drop 
is an inſenſible quantity opens. with its diſtance from: the 


centre of the earth. 


However, the wane bulk offi the un W he effect 


Aill ſenſible. at ſo vaſt a diſtanoe; 3 and therefore, tho' the 


| action of the moan has the greateſt ſhare in producing. the 
tides, the action of the fun @ ſenſibly to it when they con- 


ſpire together, as in the change and full of the-moon, when 
they are nearly in the ſame line with the centre, of the earth, 
and therefore unite their forces ; ſo that then the tides. are 


greateſt, and are 1 we call the /pring tides. The action 


ſun diminiſhes, the effect of the moon's action in the 


che other Jekresſen it ; and therefore the tides then are leaſt; 
and theſe we call. the neap tides. Tho", to ſpeak accurately, . 


neap tides muſt be ſome time after; becauſe, 


er T8 ö 
„ 5 3 >, : . 


- £24 + 3 


yg EI N ack (Hep 5 
Gdered, that, cho the actions the fan. and 8 Kaine * : 


_ ceaſe. this moment, yet the tides would. continue to have their 


courſe for ſome time: For the water where it is now higlieſt 
would ſubſide and flow down on the p parts chat are lower, till, 
by the motion of deſcent, being ee to too great 
A height, it would neceſſarily return again to its firſt place, 
tho in a leſs wee bein 3 retarded by: the reſiſtance ariſing. 


from 
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from the attrition of its parts. Thus it would for ſome time 
continue in an like to that in which it is at preſent. 


The waves of the ſea that continue after a ſtorm ceaſes, and 
«nay motion almoſt of a fluid, may illuſtrate this, e 


The 1 water does not aways anſtwer to the fame ſituation 
of the moon, but happens ſometimes ſooner, and ſometimes 
later, than if the moon alone acted on the ſea. This proceeds 

from the action of the fun, which brings on high water ſooner 
when the ſun alone would produce a tide earlier than 
the moon, as the fun manifeſtly would in the firſt and third 
auarter ;; and retarda the time of high water a little, when the 
ſun alone would: produce à tide later than the moon, as in the 
ſecond and laft quarters. | The different diſtances of the moon 
from the 3 produce likewiſe a ſenſible variation in the 
tides, When the moon approaches the earth, her action on 
every part inereaſes, and the differences of that action, on 
which the tides depend, increaſe. For her action increaſes as 
the ſquares of the diſtances decreaſe; and tho' the differences of 
| the diſtances themſelves be ęqual, yet there is a greater dil- 
proportion. betwirt the ſ quares we lefs · than the ſquares of | 
r quantities. As 7 example 3 exceeds 2 as much as 2 
5 egg x, but the ſquare of 2 is quadruple of the ſquare of x, 
while the ſquare of 3 (viz. 9. is little more than double the 
uare ef 2 b. 4) Thus it appears, that, by the moon's 
approach, her a on the neareſt p arts icrlewſes more quickly 
than her action on the remote parts, and the tides, therefore, 
mareaſe in a higher pro portion as the diſtances of the moon de- 
oleaſe. FT Out author * that the tides increaſe in proportion 
as the eubes of the diftances decreaſe; ſo that the moon at half 
3% preſent diſtance: would produce a tide eight times greater. 
. moon deſenbes an ellipſe about the earth, and in her 


ad 1 neareſt 


Nn 
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neareſt. diſtance 


rom the earth: and ĩhence it is that two: o great 
{prin g tides never forked each other immediately; for, if the 
moon be at her neareſt diſtance rum: the earth at the change, 
ſhe muſt be at her greateſt diftance at the full, having „in the 
| intervening time, fin hed half 4 revolution; ant therefore. the 
Spring, de then, wi be much els than the tide at the change 
the ame. of full engo n, tl the cid 
big Bag i 2 : 5 bp 5 "ff Tra "Sling th. ant el a coor ot: 
It is manifeſt. that her t moon whs:in the p pole; 3 
* their action oO 11 


e r 1-3 G ft: : 


8 * "Ls 2. 


they, could have n no effe | 
raiſe all the water at the equator torito t 
place of the earth, in deſcribing Ats 5 t 
would not meet, in its our with any part :of the water 
me than another; Io that there could be 0 tide in 
e. The effect of chedun vor moon is greateſt when in 
or: for then the axis of the pheroidal figure, ariſing 
from n their action, moves in, the greateſt. circle, and the water 
is put into the greateſt- agitation; and hence it is, that the 
ſpring. tides. produced when the fun sad moon are both in the 
equator, are the -greateſt of an „ and the nieap tides are the 
leaſt of any, er. that time. -But the tides produced when the 
ſun is in either of the tropics, and tlie moon in either EF 1— 
quarters, are greater than thoſe produced Oy 0p. ſun is in 
the equator, and the moon in her quarters; cauſe, in the 10 
firſt calc, the moon is in the equator; and, in ie latter caſe; 
the moon is in one of the tropics : and the tide depends 1 more | 
on the action of the moon than that of the ſun, and is there- 


e. equator, 5 


d 
* 
7 


fore greateſt. when the moon's- action is greateſt. However, 
becauſe the ſun i is nearer the earth it in winter than i in ſummer, 


3 
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| hence it is, that the greateſt nenn eee 
the and before the eum. A EN 4352 , 
When the moon declines; from the e towards Ather 

ns one of the greateſt elevations' of che water follows the 
moon, and deſcribes nearly the parallel on the carth's furface 
which ee this mote). becauſe of the diurnal 
motion, cb to deſtribe : and the oppoſite greateſt ele- 


a tae muſt det — 


which moves on W "ha fide: 55 che r with any _ 
will come nearer to it than the oppoſite elevation, which moves 
in a Parallel on the other ſide of the equator; and therefore, 
if a place is on the ſame ſide of the equator with the moon, 
the day tide, or that which is produced while the moon is 
above the horizon of the lace, will exceed the night tide, or 
that which is produced while the moon is under the horizon of 
the place. It is the contrary if the moon is on one fide and 
"i on the other ſide of the equatur; for then the ele- 
vation which is oppoſite to the moon, moyes on the ſame fide 
of the e equator with the place, and therefore will come nearer 
to it — the wow elevation. This difference Ar a fie 
when the fon th deſcribe the tropics; caufe th 
| two elevations 3 in Waben the . tropic, which 
are che fartheſt from each other of any two parallel cireles they 
can debe Thus it is found, by 7 vation, that the even- 
ing tides in the ſummer excetd —— mornin Fo and the 
morning, tides i in Winter exceed, the eve 0 ing ti Thie df- 
| ference is found at Briftol to amount to fiſteen — — at Ph 
; ae to one foot. & * wool be {tilt greater, but that à fluid 
in Ka 2 | 1 N 


197 
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be A; ar day by. tbove f of an 8 
x proper motion 855 the moon retards fo much her ap- 
of the Plc. All the effects of the ſun's 
| 11 2 DS nr the effects of 
| ITE | 0 nee nr 


d, are 
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t it e 
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aer at 5, u, v, or fa 01 Tag Ie dhe „ 1e 
T ben at F ee hours aſter 9 7 
the bo ng 40 5 below the 'horizon ; "9 the lowelt + at G three h 
after her ſetting or rifing. And if r and tare on the fame fide of che the etjuator, the 
2 tide, will fie higher chan the night tide, c » being gender c Ti. the. 


7. when the the moon declination and the latitude wy p are of e 
nomimnati _ , the ont bt ve hr: EY e 
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cauſe the places, where the moon raiſes moſt, and moſt de.“ 
f preſſes; | the water, are at tliat diſtance From each' other. 
Hence it appears, that it is only in the great oceans that ſuch | 
tides can be produced 5 ant why in the larger pacy fic ocean they 
exceed thoſe in the Arlamic ocean. Hence alſo, it is obvious 
why the tides are not ſo great 8. the torrid zone, between 
Ars and America „where the ocean is narrower, as in the 
temperate* zones on either hide ; and, from this alſo, we may 
underſtand why the tides are fo ſmall in iſlands that are very 
far diſtant from the ſhores. It is manifeſt, that, in the Adlaitic ; 
ocean, the water cannot riſe on one ſhore but by deſcending ' 
on the other; ſo that, at the intermediate diſtant iſlands,” it 


muſt tin at about a mean height betwixt its cleration on 
e eee V 


16.) ain. 1 #12 8 "+ Es S920, 4 BF 3 
bo | 


As the tidepels over ſhoals, And run wal. ſtraits into 
bay s of the ſea, their motion becomes more various, and e 


height depends on a great many circumſtances. The tide tha 
is produced n the weſtern coaſts of Europe; in th Mebablece, co 


1 rn te the fituation of the moon we Eten bed #abbye; Thi 1 


runs up by the ſouth of Es eee 8 des 11+ 
north of Scotland : they takes a lends Ae move all 
this. way and it is high water ſooner in the places, to to hich 
they firſt come; and it begins to fall at thoſe places, while 
they are yet going on to others that are fartlier in their ciifſe. 
As they return, they are not able to raiſe che tide, becauſe the 
water runs faſter off than it returns, till, by a new tide propa- 
gated from the open ocean, the return of the current is.ftop'd, 
_ the water begins to riſe again, The tide —— twelve 


n hours 
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un 3 tides may arrive at that . in different times, 


with the fame ocean, one of 
"Ki 


latitude 20% 
8 the equator, | the water 
itkour atiy motion: as the moor removes 
the water begins to riſe and fall 
ar the 


| and then decreaſes. for as many days by the fame degrees, til 
| is motion ceaſes when! che mooi 25 N a ITE 6 L 0 a L e ” uator. 
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Cbineſe ocean betwixt the continent and the Manillat, the 
other from. the Tadian ocean betwixt the continent and Bur neo. 
This leads him to propoſe, as a ſolution of the phænomenon, 
that a tide may arrive at Baths, through one of theſe inlets, at 
the third hour of the moon, and another through the other 
inlet fix hours after, at the ninth hour of % moon. For, 
while theſe tides are equal, the one flowing in as the other 
ebbs out, the water muſt ſtagnate: now they are equal when 
the moon is in the equator; but as ſoon as the moon begins to 
decline on the ſame ſide an the e equator with Bazſha, we have 
ſhewed that the diurnal tide 1 exceed the nocturnal, ſo that 
two greater and two leſſer tides muſt arive at Barfha by turns. 


The difference of theſe will produce an agitation of the water, 


which will riſe to its = height at the mean time betwixt 
the two greateſt tides, and fall . at a mean time betwixt 
the two leaſt tides; ſo that it will be high water about the 
fixth hour at the ſetting of the moon, and low water at hes 
ifng. When the — has got to the other ſide of the 
equator, the nocturnal tide will exceed the diurnal ; and 
therefore, the high water will be at the riſing, and low water 
at the ſetting, of the moon. The ſame p ride ples wil ſerve to 

account for other extra tides, which, we ate told, are 
_ obſerved. in Ns whoſe 8 rg to > fuch | 1 


ee 


Wee e contark Kinki 8 3 ob- 

" but. calculates the effects of the ſun and moon upon 
the tides, from their attractive powers. The — of 
the gravity. of the. lateral, parts of the earth, produced by the 
action of the ſun, is a ſimilar eſſect to an augmentation, efli- 
mated by him before, that is made to the gravity of the moon 
towards the earth by the ſame action, when the moon is in the 


- quarters ; only the addition made to the EA 20 of the kteral 
MW gs roma parts 
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earth s centre is ſo | 15 0 times leſs thaw tlie 
on from it. The £ gravity of ithoſe 


parts of the earth ut 
neath the ſun, and-of thibſe oppoſite to it, is di- 
ryiniſhed by a double quantity of -what iadded'to' the lateral 


Parts; and as the diminution of gravity of the one, aid: -- 
mentation of the gravity of the other, conſpire toge 


raiſing che water under the ſun and the parts o 


e it, 
ee e eee 


3 the whole force that pro- 


T7 duces this ect is to be ene a8 triple © of ere 18 — 


to the gravity of the 


do the gravity of the parti de W 1 00 12868206, and do che 
cCentrifugal force at the equat 
of the waters, by this force; is © 


Frag of the cart 


tor las 1 to 44827. Th elevation 
onfidered by: i 
ion of the-eqiatorial ow re 5 
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th. uiling from the 0 
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equator;. and, being 1446937 times loſs, z found to be x LY 
and 1 155 inches; Parie meaſure, This is the elev: th a 


from the aden of ithe-fun NO the water. I MN 
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moo upon the vibe e. 
ares the os ad Ir zuthtof the river Avon below ' 
Bil (which are the effect of the ſum of the fortes of the ſun 


and moon when their actions almoſt conſpire together) ith 


the neap tides there (which are the effect of the difference of 


theſe forces when they act almoſt againſt one another,) and 
roportion to be that of ꝙ tõ 5; from which, after 
y cotrections, he baba that the forte of the 


ocean, as n 5 0 fo chat the oy ou we wech ih ue 
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| the ſun and-mann tagathen may produce an tlevationof about 
194; feet, in their mean diſtances from eee and an 
eleva ion, of about 1 a feet hen the moon is neareſt the earth. ' 
The 7 54 to which the water is found to riſe, upon the 
_ coaſts of the open nod mnie, is agreeable enough to N 
nde 1% MI, M eng 0. 10 ai 90 * 
It ! is "Boar, this, wy 1 150 hb; is "ks ton Me e an 
eſtimate of the denſity and quantity of matter in the moon. 
Hen influence on the tides is the only effect of the moon's at- 
tracting power which we have acceſs to meaſure, and it enables 
us to eſtimate her denſity compared with that of the ſun, 
which we find it exceeds in the proportion of 489 to 4s f 


and ſince the denſity y of the earth is to that of the ſun as 260g”. 


to 1009, it ſollows that the moon muſt be more denſe chan 
the earth in the proportion of 4891 to 4000 or of 1 to 97 
nearly. The proportion of the diameter of the earth to tha 


of the moon is known, from aſtronomical obſervations, ts BSE 


that of 365 to 100 ; and from theſe. two» proportioris iteaſily" 
follows, that the quantity of matter in the moon is to the matter 
in the earth as 1 to 39,788; and: the ccntreiof gravity" of the 


earth and moon muſt be, therefore; almoſt 400 times neger 


to the earth than to the moon; and, the: ſituationbof theit 


centre of, gravity * known, the motions ATIIERF on ay i 
be deter ained w ich ed prociſeacis.. ae A+. 


88. 4 


: us 272 1 1 6g V3.1 1 2J IU 1517 
Our author enquires into the Figure 5 the moo: a ber 
cauſe the * carth, Contains near 4ontimes more matter chan the? 
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h the moon produces 1 in our ſeas, if * en was not 
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mqor elevation produced by the action of the tarth irn 
the, parts. of the, moan, that are neareſt to it, and in the parts 
0 to thele, ; Would be neat 40 times greater than that 
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my ſemidi meter s x0 engl char r. pro+ 
ort 100 to 363. By compound) oportions 
7 5 that the tameter of the moon 1 at Fl Jug] 155 
centre. of the earth, myſt exceed thaſe that are perpendicular to 
| it, by about 186 feet. He thinks Weſabe parts of the-w don 
muſt have been formed into ſuch a ſpheroidal figure, having i its 
longeſt diameter directed towards & earth; and this may be 
the reaſon why the moon always turns the me ſide towards 
the carth/ If there were great ſeas in the moon, and if ſhe 
revolved on her axis {o as to turn Sens tri Como apo 
| chere would have been- very ides produ 
. one fide awd: towards the earth, che are ike 
produced in her ſeas, but What proceed Som the differences of 
their diſtances from the earth, and from the moon s librations; 
for the actor of the wenn baue fk little ws 1 A 1 
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1.1 bene we 1 treat ud of FA Wee ian; bekides 
Idee, we find in the expanſe of heaven many other 
Ws belonging to the ſyſtem of the fun; that ſeem to have 
3 more irregular motions. Theſe are the comets, which, 
deſcending from the far diſtant parts of the ſyſtem with great 
rapidity, Rupee us with the ſingular appearance of a train, 
or tail, which accompanies them; en viſible do us in the 
lower parts of their Orbits, and, : ter a ſho ay,” are 
off again to vaſt diſtances,” and diſappear. Tho n of the 
ancients had more 2 0 notions of W yer the nn having 
47 4 1 T 11 5 De 
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prevailed, that they were only meters generated in the air, 
like to thoſe. we ſee in it every night, and in a few moments 
vaniſhing, no care was taken to obſerve or record their. pha- 
nome xray, till of late. Herice this part of aſtronomy 
is very imperfe&. The number of the comets is far 7 
known: many have been noted by hiſtorians formerly, 
not a few of late obſerved by Motte and ſome have 
been difcovered accidentally by teleſcopes,  Paſlng by us, that 
never became viſible to the naked eye: fo that we may con- 
clude their number to be very great. Their periods, magni- 
tudes, and the dimenſions of their orbits, are alſo uncertain, 
This is a. part of frience, the A erg tion of which may be re- 
ſerved for ſome diſtant age, theſe numerous bodies, and 
their vaſt orbits, by lony 2 accurate obſervativn, may be 
added to the known parts of the ſolar ſtem. Aſtronomy will 
appear as a new. ſcience, after all the diſcoveries we now boaſt 
of :. but then it will be remembred, even in thoſe flouriſhing 
days of aſtronomy, that it was gir Jſaar Newron who dif- 
covered and. demonſtrated the principles by which alone ſuch 
great improvements could be made; and that he begun and 
carried this work ſo far, that he left to poſterity little more to 
do, but to obſerve the heavens and compute after his models. 


- Having this part of aftrononty to deduce almoſt from its 
? Its, he begins, with ſhe wing, againſt the ſcholaſtic phi- 
lolophers, that the comets are above the moon ; becauſe they 
participate of the apparent diurnal motion, riſing and ſetting 
daily, as all things that are not appendent to the earth do, and 
without any ſenſible divrnal parallax. But, as they are 
all affected by. the annual motion of the earth, appearing, like 
che planets, ſometimes direct, ſometimes retrograde, he con- 
cludes that, When they become viſible to us, they muſt be in 
the regions of the planets, - As they are all affected by the 
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made by Mr. Hamit; and then compares all the obſer” 
vations, that were made by himſelf or others, with the 1 og | 


the curve, for the fame time, to be very ſmall It was t 
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the notion! f the earth; and find all the ol of this nw 
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+ Duranthey 8 ſhewed tha * comets deſt end into the 
anetary regions 4 An they are viſible to us, "againſt the 8 


ines 'of Des Cartes, he yn to'trace dem in their courſes. 
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tion of a body in that curve, and finds the differer 0 
the obſerved Tak of this comet and thoſe com 8 ated 105 it in 


e 
vo comet that was ſeen in November £686; ka I So 
79; February and March | following, tho they ha 
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been. generally eſteemed two different comets. In Movernber: it 
Was deſcen 8 5 Kuren the ſun; it paſſed very near the ſun on 
che 12th day of December; where, having been heated to a 
prodigious . tho the li ght of the head or nucleus Was 
duller, yet, while it aſcended in the other half of its orbit, 
its tail was vaſtly greater than before, extending ſometimes 70. 
in length, and continuing viſible even thee the bead or nucleus 
Was i carried out 21 Lohnt m ory 20 to £5 


8 Hall 2y, to whoa « every y part of aſtronomy, but this in 
a 1 männer, is highly indebted, has joined his labours 
to our author's on this ſubed ; nor is it neceſſary for us to ſe- 
parate them. Finding three obſervations of comets recorded 
in hiſtory, agreeing with this in remarkable circumſtances, and 
returning at the diſtance of 575 years from each other, he ſuſ- 
; pected Gas theſe might be one and the ſame comet, revolving 
in that period about the ſun, He therefore ſuppoſed the para- 
buola to be changed into fuch an excentric ellipſe as the comet 
might deſcribe in 57 5 years, and as ſhould nearly coincide with 
0 the fa abola in its loweſt: part; and, having computed. the 
places of che comet in this elliptic orbit, he found them to 
5 agree ſo well with thoſe in which the comet was obſerved to 
paſs, that the variations did not exceed the differences which 
are found betwixt the computed and the obſerved places of the 
planets, vhoſe motions had heen the ſubject of aſtronomical 
Alalculation for ſome tliouſand years. This comet may, there- 
fore, be expected again after finiſhing the ſame period, about 
the year 2255. If it then return, it will give a new luſtre and 
evidence to Sir, jaar: Newton's, philoſophy, in ; that. diſtant; 
age. And ſhould: the inconſtancy of human affairs, and the per- 
petual revolutions to which * are ſubject, occaſion any ne- 
glect of our philoſophy in the intervening ages; this comet, 
will revive it, and fill every mouth again With this great man 
= B bb name 


;ams 1 5 0 third of * planets, and carry: ch unmen 8 
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1 ef the Spinde. id) ſhews that the tail confiſtieſa 
vapour ariſing: continually from the b body of the comet, towards 
parts that are oppoſite to the ſun, for alike reaſon that 


40111 


Vapour, or ſmoke riſes. in the atmoſphere of the earth. | 
| e motion of the body of the comet, the tale is bent a 
= Nite towards thoſe parts which” the comet leaves in its motion. 
| Thele tails are found greateſt after it has paſſed its perihelium, 

of leaſt diſtance Gown | the ſun, where its hear is | tet _ | 


156 


the 6 ie of of ek doh is moſt [vn 


758 it was | e Ban ths Peas to a Abtes — in- 
ferier to the vaſt diſtance of the ſun from the earth. As the 
1 the tail participates of che motion of the comet, it 
is thereby, carried along with the comet in its motion, and 
| 5 part of it returns again with it: and as the matter in the 
tail riſes, it becomes more and more rarified 3 as appears from 
the tail's inercafing in breadth upward By this Be * 
great part. of the wil muſt be dilated and, diffaſed over the 
ſyſtem; ; ſome of this, by its gravity, may fall towards the pla- 
nets, mix with their atmoſpheres, and. fopply the fluids, which, 
in natural operations, are conſumed ; and may, perhaps, 
ſupply that ſubtile ſpirit i in our air, which is neceffary for the - 
lite of aa, d . other adn 1 We 4 — 5 „ cler 


he 


We are not t 8 y A he PU PIR 7 the t can hi 
ſo exact, and the periods of their revolutions ſo equal, as thoſe 
of the planets; ; conſidering their great number, and their great 
diſtance from the ſun in their aphelia, where their actions upon 
each other muſt have ſome effect to diſturb their motions. The 
reſiſtance which they meet with in the atmoſphere of the ſun, 
when * deſce ad into che . ee? of "their orbit, Ub £ 
| 1 _ 
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alſo affe chem. * By t the retürdatton f their motion in theſe 
parts, their gravity will be enabled to bring ther nearer 


tlie ſum in every revolution, till at length tliey fall into him, 
and ſupply fewel to that immenſe body of fire. The comet 
of 680 paſſed at a diſtance from the ſurface of the fun, no 
greater than the th part of his diameter; it will approach 
ſtill nearer in the next revolution, and fall into his body at 
length. The fixed ſtars may receive ſupplies, in the ſame 
manner; by comets falling into them; and ſome of them, whoſe 
light and heat are almoſt exhauſted, may receive new fewel i ity 
this way. Of this kind thoſe favs ſeem to be, which have 
been obſerved to break out at once with great ſplendor, and to 
vaniſh gradually afterwards. Such was the ſtar in Caſſopeia, 
that was not viſible on the 8th of Movember 1572; but ſhone the 
following night with a brighitneſs almoſt equal to that of the 
planet enus, and decreaſed continually afterwards, till in 16 
months time it vaniſhed. © Another of the ſame kind appeared 
to Kepler s ſcholars in the right foot of Serpentariut, on the | 
zoth of September 1604, brighter than Jupiter, tho it was flot 
daible the preceding night; which alls decreaſed gradually, 
and vaniſhed in fifteen or fixtee moriths. By ſuch a new ſtar 
appearing with an extraordinary "brightneſs in the heavens, 
Hipparchus is ſaid to have been induced to make his auflage ff 
of the fixed ters But thoſe ſtars which appear and difappeat- 1 
gradually increaſing and decreaſing by turns, ſeem to be of a 
different kind; and to have a luminous and an obſcure ſide, 
which, by their rotation on aer e chops turn toward ub. 


: alternately. 
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1 law 1 1 ument . hgginſs the exevniey of whe uhlvecſs Jew) 
from the decay of the ſun, ſtill ſubſiſts; and even acquires a 
new force from this theory of tlie evitety': ſince the ſupp ß 
which han 6 afford maſt have been — go exhauſted, i nel 4 
Wor 


tities that muſt be ſuppole —— eaſe o Nr ally, 
> repugnant to the eternity of the AL ; ſince the = had 
ga exhauſted, and the laſt bad grown into an infinite mag- 
at this time, if the world had been from eternity J 7 
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* the. moſt wiſe conduct. FB 
1 | 173 eee | | IR OS Ct bond Wir 
. Vaac Navin proceeds to make ſie refleQions.on the 


nature of the ſupreme cauſe, and infers, from the ſtrucxure of 
Io vidble world, that it is governed by. One Almighty, and 


Auiſe Being, who rules the world, not as its Saul but as Its 
Tord, exerei ing an abſolute {oy eignty over he univerſe, not 
as over | Is 0807 body but as over his work ; and acting in it ac- 
ding 29. his leafure, without ſuffering | any thing from it. 
chat he has delivered c concerning the Deity, wi 1 be further ex- 


ql bent chapter. | arts . ö . 15 


. Kin „„ 


Co 


4 of . 


28 10 
411181 nn 20 6 1 30Nn r 

- A Riftotleco dos Ko müsse 4 mundi, with of 
: that c to treat of ee wre fayi Ying at 
ly: Fur ey in nature; than che traces 


; of an All-governing Deity. And 527 philoſopher who over- 
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3 univerſe 5 and the mechanical laws of motion, 
deglecde achat is ma exe ACI1 TY z and, prefers: what i is im er ect 
lat is ſupt y perfect, -finitude to i 


row and weak to what is. unlimited and almighty, and hat is 


befſfing to wh at endures for ever. Such who attend not to 
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Feitber are ay to b e 1 ok nl oy 5 
63 of. ' magnifying the eſſential power of the ſupreme cauſe, 
make truth and falſhood entirely to depend on his will; as we. 
obſery ed of. Des Cartes, Book. 1. I. Chap. 4. 47 Such » tenets have. 
a dired: tendency to introduce the abſurd opinion, that intel-: 
lectual faculties may be ſo made, as clearly and diſtinctly to 
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perecive that, to be true, -which is really. falſe, They judge. 
much better, who, without ſcruple, meaſure he divine omnt- 


potence itſelf, and the poſſibility by hings, by. their awn ha 
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peared to him much more juſt Ke hy 
the whole chain of - cauſes, or tlie ſev crl ere 
ſhould centre in him as heit bourer and b 
Whole ſyſtem appear depending YA 
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2 e and ene 85 geg Seb | 
which we meet with throughout” all 
There is no need of niee or + We reaſonings in this matter: 


a.: manifeſt contrivanee immediately ſuggeſts a jen 4h halt 


ſtrikes us like a ſenſatien; and aut) reaſonings againſt it may 
puazale us, but it is without ſhaking our belief. Ng; perſon, 
for example, chat knows the ie of optics l 

ture of the eye, can believe that it was formed without ſbkill in 
that ſcience; or that the ear was formed without the knowledge 
of ſounds. 3 or that the male and female i in animals were not 
formed for each other, and for continuing the ſpecies cies. All 


our 2 of nature are full of 5 this TH. Ti he 


to ihe Ons, "The great motions in. the 9 wh Fa with 
che ſame: facility as the leaſt,” fuggeſt his. Almighty : Power, 
which gave motion to the earth and the celeſtial. bodies, with 
| equal; eaſe as to the AN ninu ſt Artic les. ee 
motions and actions in the internal 8 8 ſhews that 


his influence 3 the inmoſt recelles. of f. thingy and that 
Hei equally. 267 5 | ae e. rbb. 


of things, in ph; to obtain, the heſt ons,” and the b beauty 


aſs; eee his confunmate I dom. The uſefulneſs of the 
ne, ſo well contrived for the intelligent beings that 


ſe beings themſelves, ſhew his unbounded Goodneſs. „ heſe 
are the arguments which are ſufficiently, open to 


LIE 


_, capacities of the unlearned, while at the fame time they acquire 8 


mew v firength and luſtre from the diſcoveries of the learned. 


The 


rts of the. univerſe. 


e ftruc- | 


which adorns the works of nature, fan ſupetior to any thing in 


Ho it with the internal diſpoſition. and moral ſtructure of 
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1 As the was A 22 withing part" 6f Sir Neue Vols 

character, but no way derogatory em his penetratio ad the 
abiitenieſs and ſublimity of his genius; ; ſo we have partici 
renſon on this occaſion to applaud it, and to own that his phi 
loſophy has proved always fubſervient to che moſt valuable pur- 
Pose d. without ever Memon. Hg ent them. G S160 99 QUIT 1 
"INT © d a 105 our! Com 
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| . hg men. "Sir 7 Mae to yon e 
the divine O9iþreſerice; had faid that the Deity per 
erer paſſed) in pee felix und ittitnareh 
ſerium. A clamour was raiſed by his adverſaries, as if he 2 
chat ſpace was te the deity whit the gegen iö 10 eur thin 
But Whoever confiders his! expreflion. vide pj; will 
— 2 aur de Pie # trong idea of the intimate p 
a | hippens in the cc npleteſt manner; withot b e 
ermediate age inſtruments, and chat Sir Zaac ma 
uſes on c this vie! v only 15 br. he very careful 7 
g inft our imagit ning that external objects . Deity, 
+ that' he ſuffer 7008; Palſion or reaction from them. It is 
commonly fuppoſed that the mind is intimati ly conſcious of 
the impreſſions upon the ed, and that it is immediately 5 
"mm there, and there only 3 J and as we muſt derive our ideas | 
of 


. 
3 


Nenn ..... 


hr; 8 wy; NE ON. 4 en Ie 


oY 


* ** =» 4 © 


"ole. >. of. others in the, belt mann er A by leaving 
ly {= to 
have ebe to us s the divine Wee and mmiſcience 


+. 1% L 
H 4 rt 8 
P = 3 
. * wt” e . 


1 


N 2 wt 


But the 3 NE has — raiſed a 3 Sir Si aer 
NN e by thoſe, who have | imagined that he preſented, in- 
fnite i ace as an attribute of the Deity, and that He is preſent 
parts of ſpace; by diffuſion. T he truth is, no. et ex- 
preſſions N in his writings: he alwa 18 thought : and ſpob 
with more veneration | of the divinity than-to. allow ; bie 
ſuch liberties. On the contrary, he tells * us that: te the Deity I 
endures from! eternity to eternity, and is preſent from infinity to 
: infinity 3 but that he is not Eternit or infinity, ſpace or du- 
ration. He adds indeed, chat as the Deity exiſts neceſſarily, . 
and by the ſame neceſlity exiſts every. 1 5 and always, he 
onſtitutes ſpace and duration: but it does not appear that this 
expreſſion. an give any juſt ground of complaint ; for it is 


Jing no more than I ſince he. i 18 e and nece 4 ri * 
preſtnt in all parts of daes ar and Aa e of e 5 
Ex «ld nebeflar * exiſt. FFF = | 
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tn. Ae eſt et infinitus, omniporens_ et e i tt, I ab æterno in 
| æternum, et adeſt ab infinito in infinitum: omnia regir, et omria ognoſcit, quæ 
fiunt aut fieri poſſunt. Nom eſt æternitas et infinitas, ſetl æternus et infinitus ; non 
eſt duratio et ſpatium, ſefl durat et . Durat.  ſerpper, et adeſt ubique, et exiſ- 


tendo ſemper et Aae, e et gi conſtitüt. By Luton. the An, . 
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10. This idea i is fo fa Fam, pe hs any Juſt RI of c com- 
plaint, that it accounts for the neceſſary exiſtence of ſ (pace, in 
a way worthy of the Deity, and ſuggeſts the noble improve- 
ment we may make of this doctrine, which lies ſo plain and 
open before us. Sir I/aac Newton is ſo far from repreſenting 
the Deity as preſent in ſpace by diffuſion (as ſome have ad- 
vanced very unjuſtly) that he Nie tells us * there are ſuc- 
ceſſive parts in duration, and co-exiſtent parts in ſpace. But 
that neither are ſound in the foul or principle of thought 

which is in man; and that far leſs can they be found in * 
divine ſubſtance, - "ua man is one and 4 in all the pe 
riods of his life, and thro' all the variety of FA PA 
_ paſſions to which he is ſubject ; much more muſt we allow 

the ſrems Deity: to be one and the Game in all time, and in 
all ſpace, free from change and external influence, He adds, 
that the Deity is preſent every where, non per virunbem ſolam: 
fed etiam per ſubſtantiam, ſed modo Ppronſus incorporeo, moito 
Tobis penituas ignoto. It is plain, therefore, that he was far 
from meaning that the Deity was preſent every Where by the dif- 
nt his fabQiavcs, as a body is preſent in ſpace by having 
its parts diffuſed in it. Nor is it ſurprizing that we ſhould be 
_ 2 loſs to give a fatisfactory, account of the manner of God's 
omnipreſenee. Our knowledgeof things penetrates not into their 
4 : we. perceive only their figure, colour, external ſur- 
ac, and the effects they have upon us, but no ſenſe, or act of 
reflection, diſcovers to us their 8 and much leſs is the 
1 1 e ſubſtance known, to us. As a Blind man Hoon. not 


» Pater Co ccedins, in an, N in 19 eurer in 1 
Lomi ſeu principio ejus cogitante; et multo minus in fubſtantia cogitante Dei. 
Omnis homo quatenus res ſentiens, eſt unus & idem homo durante viti ſus/inomini- 


426 . Deus eſt nne 
— d d _ " "<olours, 
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colours, and has no idea of the ſenſation of thoſe who ſee, ſo: 
we have no notion how the D Deity knows aucb at acts B AR 
2 2 13 Ae 77) 17. e 

11. 'His exiſtence and /kis attributes are, in a ſenlible ant 
af mariner, diſplayed to us in his works; but his eſ- 
table; From our exiſtence, and that of other 
continge os W us, we conclude that there is a ro 
ale hoſe eee muſt be neceſſary, and independent of 
any other being; but it is only a Peſteriori that we thus:infer- 
the necefſity of his exiſtence, and not in the fame manner that 
we-deduee the neceſſity of an eternal truth in geometry, or 
the property of a figure from its eſſence: nor is it even with. 
ha - diteck ſe Levidence which we- have for the neceſſaryß 
ace.” We mention this only to dv juſtice to dir 
aut nes Boten, when he ſuggeſts that the neceſſary 
Exiſtence of ſpace is relative to the neceſſary exiſtence of the 
*Deithy: 2) Philoſophers have had always diſputes about infinite. 

| And dura 10H "5 n 1 8 "Bo NN on theſe ſab-- 

jects will nevel have an ef: all we want to repreſent is only, 
that what is fo brieffy and modeſtly: advanced; by this great 
man on thoſe ſubjects, is, at leaſt; as rational and worthy of. 
tte Deity, an as well founded: in true philoſophy; as any of 
their ſchemes ;; tho it muſt be expected that the beſt account 

we can form of matters of 75 aous a-nature, will be liable 
to difficulties an objections. As for thoſe who will not allow. 
ſpace to be any third ive obſerved above that the reality 
of Motion, Which 1s known by experience, & argues the reality 
of abſolute ſpace; without admitting which, we ſhould have 
By, Sr confuſion nd contradictions in natural philoſophy. 5 
May other arguments, particularly thoſe drawn from the 
axiom, nom -entis nale 2 attributa, for 3 ſpace, 
N arts are ſt | on and} various relations, 

hat been tr e of a by others. FF 
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1 We dn roy a as = 1 is the firſt and 
ſupreme cauſe of all things, fo it is moſt unaccountable to ex- 
_ clude him out of nature, and repreſent him as an intelligentia 


extramumdana. On the contrary, it is moſt natural to ſuppoſe 
him to-be the chief mover throughout the whole: univerſe, and 


that all other cauſes are dependent upon him ; and conformable 


- to this is the reſult of all our enquiries into nature; where we 


are always meeting with powers that ſurpaſs mere mechaniſm, 
or the effects of matter and motion. The laws of nature are 
conſtant and regular, and, for ought we know, all of them 

may be reſolved into one general and extenſive power; but 
this power itſelf derives its properties and efficacy, not from 
_ mechaniſm, but, in a great meaſure, from the immediate in- 
fluences of the firſt mover. It appears, however, not to have 
been his intention, that the preſent ſtate of things ſhould 


continue for. ever without alteration; not only from A. paſſes 


in the moral world, but from the phznomena of the material 
World likewiſe ; as it is evident. that it e not have con- 
5 een in its preſent tratof TOIL naten. n 6 led 
a | J. nee Ann 
The, powen 1 3 by which: the celeſtial bodies per- 
Va in their revolutions, penetrates, to the centres of the ſun 
and planets without any diminution of virtue, and is extended 
to immenſe diſtances, decreafing i in.a regular courſe. Its action 


is proportional to the quantity of ſolid matter in bodies, and npt 


to their ſurfaces, as is uſual in mechanical cauſes: this power, 
therefore, ſeems to ſurpaſs mere mechaniſm. But, Whatever 


we ſay of this power, it could not poſſibly have produced, at 
the beginning, the regular ſituation of the orbs and the preſent 


diſpoſition of things. Gravity could not have Tee the 


planets to move from welt to eaſt in orbits nearly: cirqular, al- 


— in che lame plane 3 ; nor could. this power have a 
| D d d 2 the 
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from! the x oy which we find eſtabliſhed in it. Tho" he 
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be conſidered as mere immediate volitions of his (as they are 
often repreſented) but rather as inſtruments made by him, to 
perform the purpoſes for which he intended them. If, for ex- 
ample, the mol noble phænomena in nature be produced by 

a rare elaſtic ætherial medium, as Sir Iſaac Newton conject 


4. | 


the whole efficacy of this medium muſt be reſolved into * i 


power and will, who is the ſupreme cauſe. This, however, 


does not hinder, but that the fame medium may be ſubject to 


the like laws as other elaſtic fluids, in its actions and vibra- 


tions; and that, if its nature was better known to us, we might 


make curious and uſeful diſcoveries concerning its effects, from 
thoſe laws. It is eaſy to ſee that this conjecture no way dero- 
gates from the government and influences of the Deity ; while. 
it leaves us at liberty to purſue our enquiries concerning the 
nature. and operations of ſuch a medium. Whereas the h 


haſtily reſolve thoſe powers into immediate volitions of the ſu- 


preme cauſe, without admitting any intermediate inſtruments, 


put an end to our enquiries at once; and deprive us of what. 


18 probably the moſt ſublime part of philoſophy, by repreſent- 


ing it as imaginary and. fictitious : by which means, as we ob- 


ſerved above, they hurt thoſe very intereſts which they appear 


ſo ſanguine to promote; for the higher we riſe in the ſcale of 
nature, towards the ſupreme cauſe, the views we have from 


eulen appear more beautiful and extenſive, Nor is. chere | 


any thing extraordinary in what is here repreſented concerning 


the manner in which the Supreme Cauſe acts in the univerſe, 
by employing. ſubordinate inſtruments. and agents, which are 

lowed. to have their proper force and efficacy; for this we: 
know is the. caſe in. the common courſe of nature; where we 


find gravity, attraction, repulſion, &c, conftantly c combined and; 


com ee with the Te” of inen: EY we jy no 
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tle and abftruſ 1 and motions s of the ſtem 3 wn A in 
| l * i 
15. It kas been. adfeoltind by i ingenious men, clit 2251 
revofutions have happened in former times on the ſurface of the 
earth, particularly from the : phenomena of the Strata; which. 
ſometitnies ate found to lic in a very regular manner, and Tome. 
times to be broken and ſeparated from each other to very « Con- 
{iderable” diſtances, where they are found again in the fame 
order; from the impreſſions of plants left upon the hardeſt 
; bodies dug deep out of the earth, and in places where ſuch 
plants are nat now found to grow; and from bones of animals 
both of the land and fea, Ed ſome hundreds of yards 
1 the | 27 ſurface of the earth, and at very great diſ- 
tances from the ſea. Some philoſophers explain theſe changes 
by the revolutions of Comets, or other natural means: but as 
the Deity! has formed the univerſe dependent upon himſelf, ſo 
as to Barts to be. altered by... him, tho at at very diſtant periods 
of time it does not pear to BE a very important queſtion to 
efiquire . 1 theſe great changes are 7955 uced by the inter- 
vention of inſtruments, or by the fame i immediate influences 
1 firſt gave things 1 their farm. £Y "ut . gen 


4. We cannot but take notice of one thing, that appears 
to have 9 deſign ed by the author of nature: he has made 
it impoſſible for us 1 85 have : any communication from this earth 

with the other great bodies of the univerſe, in our preſent 

tate; and it is highly probable, that he has likewiſe cut off 
all communication betwixt the other planets, and betwixt the 
different Ayſtems, | We are able, by 51 to. diſcover very 
plainly mountains, precipices and cavities in the moon: 8 | 

who tread thoſe precipices, or for what purpoſes thoſe grea 

cavities 0 many of which have a linie elevation in the ae 

Ro | 1 ſerve, 


car 8. vito rlicht at pis6oyeRIs, 8 


five, we know not; "and ate at à Joſs to. canceive how, this 
planet, without any atmoſphere, vapours, or ſeas, (as is now 
the common opinion of. aſtronomers) can ſerve for like pur- 
poſes as our earth. We obſerve ſudden and ſurprizing revo-. 
lutions on the ſurface of the great planet: Jupiter, which would 
be fatal to the inhabitants of the earth. We obſerve, in them 
all; enough to raiſe. our curioſity, but not to ſatisfy it. From 
Degler as well as from the ſtate: of the moral world, and many 
other conſiderations, we are induced to believe, that our pre- 
ſent ſtate would be very imperfect without a ſubſequent one; 
wherein our views of nature, and of its great author, may bei more 
clear and. ſatisfactory. It does not: appear to be ſuitable to the 
vwiſdom that ſhines throughout all ra 0 to A oſe | hat a We 
ſhould: ſee fo far, and have our curiolity fo 1. raiſed 
cerning the works: of God, only to be þ at the cad 
As man is undoubtedly. the chief being upon, this .glo be, and 
this globe may be no leſs conſiderable, in the moſt. val f 
reſpects, than any other in the ſolar. 1 and this f ſtem, i 
for ought we know, not inferior to any in the umiverſal ſy- 
ſtem; 1a, if we. ſhould fuppoſe man to periſh,, 
er J more complete knowledge of n 8 
15 ect one he attains in his preſent ſtate; : by analogy, or 
. of reaſon, We. might conclude, chat the ks I * 
would be fruſtrated i in the inhabitants of all the other planets | 
and fyſtems ; and that the beautiful ſcheme of. nature. would 
never be uniuldde; but in an exceedingly imperfe&1 manner, to 
any. of them... This, therefore, naturally leads: us: to conſider: 
our preſent ſtate as only the dawn or beginning of our. exi- 
ſtence, and as a ſlate of preparation or probation. for farther. 
advancement: which appears to have been the opinion of the 
moſt Judicious. philoſophers of old. And whoever attentively 
eonſiders the conſtitution of human nature, particularly the 
7 deſires and paſſions. of. men, which e greatly . — to 


their. 
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3 will ey 


ee, chat man wits 
Theſe the author of 
| up to us, at proper 
if tins and after 5 preparation, . is in his 
iter in ( ih vement ve the oy) we 
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to grant us a ay 


ſcheme of nature, and ap 
ſupreme cauſe. We 
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orrlexs third Edition in Engliſh 890. c 4 D. 
1521. Tag. 343, 344, 345- 


| DENSE [Carte ian] Fluid can be of no Uſe . ex- 
plaining the Phænomena of Nature: The Motions 
of the Planets and Comets being better explained 
2 without A It ſerves only to diſturb and retard the Motions 
of thoſe great Bodies, and make the Frame of Nature lan- 
Suiſh: And in the Pores of Bodies it ſerves only to ſtop the 


Vibrating Motions of their Parts, wherein their Heat and 
AC ; Couliſts, And a> it of wv Uſe, aud Linder che 


| Operations of Nature, and makes her languiſh, fo there is no 


r * ; I * 


Fyidence for its Fiſtence, and Preton it ought to be re- 
I Qed. of And if 1 it be rejected, the Hypotheſes that Light con- 
CONF in Pleſo on or Motion propagated through ſuch a Me- 
dium are tejected Wich it. And for rejecting ſuch a Medium, 
Ave. have the Authority of thoſe, the oldeſt and moſt celebrated 

N s f Greece and Pbeni-z, who made a Vacuum and 


Fn | Pn | And the Gravity of Atoms, the firſt Principles of 


5 Re 
— 
0 ir 


* thei Philoſophy; 3 tacitly attributing Gravity to ſome otliet 
poet chan denſe Matter. Later Philoſophers baniſh the Con- 
ene of ſuch a Cauſe o out of natural han wb * 
— E 2 | 
— * 5 1 | 
> | | 
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cubliice? And theſe Things being rightly diſpatc 
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Hypotheſes for explaining all Things mechanically, 404 refs: 
ring other Cauſes to Mctaphyſicks : : Whereas the main Buſi- 
neſs of natural Philoſophy is to argue from Phænomena with- 


out feigning Hypotheſes, and to deduce Cauſes from Effects, 
till we come to the very firſt Cauſe, which certainly is not 


Mechanical; and not only to unfold the Mechaniſm of the 
World, bur chiefly to dove theſe and ſuch like Queſtions : 
What is there in Places almoſt empty of Matter, and whence 
is it that the Sun and Planets gravitate towards one another, 


without denſe Matter between them? Whence is it that Na- 


As 


ture doth nothing in vain, and whence ariſes all that Order 
and Beauty which we ſee in the World? To what End are 


Comets, and whence is it that Planets move all one and che 
lame Way in Orbs concentrick, while Comets move all man- 
ner of Ways in Orbs very excentrick, and what hinders the 
fixed Stars from falling upon one another? How came the 


Bodies of Animals to be contrived with ſo much Art, and 
for what Ends were their ſeveral Parts? Was. the Eye con- 


trived without Skill in Opticks, and the Ea without Knows - 
ledge of Sounds? How do the Motions af the! Body follow. 
from the Will, and whence is the Inſtinct in * 2% 
not the Senſory o Animals chat Place to which the ſenſitive 
Subſtance is prefent, and into which the ſenſible Species off 


Thin i are e carried through, the Nerves, and Brain, that there 


ce to that 


ed, Does 
t there is a Being i . 


it not appear from the Phænomena 


1 corporeal, living, intelligent, omnipreſent, who in infinite 


* 


5 25 it were in his e Tear the a oh themſelves 5 


* : 
is 

2 

1 

1 5 
1 

- Jas 

5 


| till this Syſtem wants Amendment. Such a wonderful 
formity in 


Sir Iſaac N ewton's Philoſ ophy. 3 


as imately, and throughly perceives them, and comprehends 


them wholly by their immediate Preſence to himſelf : Of 
which Things the Images only carried through the Organs 

of Senſe into our little Senſoriums, are there ſeen and beheld 
by that which in us perceives and thinks, And tho' every 
true Step made in this Philoſophy brings us not immediately 
to the Knowledge of the firſt Cauſe, yet it brings us nearer 
to it, and on that Account is to be highly valued. 


pag. 377, Ge. 381, 382. 


By the Help of theſe Principles, all material Things ſes 
to have been compoſed of hard and ſolid Particles, variouſly 


aſſociated in the firſt Creation by the Counſel of an intelli- 
gent Agent. For it became him who created them to ſet 


them in Order. And if he did ſo, its unphiloſophical to 
ſeek for any other Origin of the World, or to pretend that 


it might ariſe out of a Chaos by the meer Laws of Nature; 
though being once formed, it may continue by thoſe Laws 


for many Ages. . For while Comets move in very excentrick 


Orbs in all manner of Poſitions, blind Fate could never 


make all the Planets. move one and the ſame Way in Orbs 


concentrick, ſome inconſiderable Irregularities excepted, which 
may have riſen from the mutual Actions of Comets and 


Planets upon one another, and which will be apt to increaſe, 

Uni- 

the Planetary Syſtem muſt be allowed the Effect 

of Choice. And ſo muſt the Uniformity in the Bodies of 

Animals: They having generally a right and a left Side ſhaped 
5 *NVVVf 
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alike, and on b er Side of their Bodies two Legs behind, and 
either two Arms, or two Legs, or two Wings before upon 
their Shoulders ; and between their Shoulders a Neck, run- 
ning down into a Backbone, and a Head upon it; ad in 
the Head, two Eats, two Eyes, a Noſe, a Month, and a 
Tongue alike fituated: Alſo the firſt Contrivance of thoſe _ | 
very artificial Parts of Animals, the Eyes, Ears, Brain, Mu. 
cles, Heart, Lungs, Midriff, Glands, Larynx, Hands, Wings, 
ſwimming Bladders, natural Spectacles, and other Organs of 
N Senſe and Motion, and the Inſtinct of Brutes and Inſects, can 
the Effect of nothing elſe chan the Wiſdom and skill of a 
powerful ever- living Agent, who being in all Places, is more able 


by his Will to move the Bok a 


ies within his boundleſs uniform 
Senſorium, and thereby to form and reform the Parts of 
TY the Univerſe, than we are by our Will to move the Parts of 
1 our own Bodies. And yet we are not to conſider the World 


as the Body of God, or the ſeveral Parts thereof, as the Parts 
of 86 Le de an uniform. Being. void of Or: roans, Mermbets 
or Parts, and they are his Creatures bb he to him, and 
ſubſervient to his Will; and he is no more the Soul of them, 
than the Soul of a Man is the Soul of the Species of Things 
carried through the Organs of Senſe into the Place of its 
Senſation, where it perceives them by Means of its immediate 
Preſetice, without the Intervention of any third Thing. The 
Organs ol Senſe are not for enabling the Soul to perceive. 
the Species of Things in its Senſorium, but only for con- 
veying them thither; and God has no Need of ſuch C Organs, 
be being every Where preſent to the — * bages, And 
Gace Space is gd in e LN 


©) 

l 

| 

| 

| 
i! 
i 
i 
l 
N 


rpc EC EE Ce YE OC CC Cn 
EEE P l C R woe. 22 FF ne CORY en WOES N eh 
F 7 
* © ; 


Str Iſaac Newton's Philoſophy. WM 


ly. in 1 al Places, it may be alſo allowed that God is 1 to 
create Particles of Matter of ſeveral Sizes and Figures, and in 
ſeveral Proportions to Space, and perhaps of different Denſi- 
ties and Forces, and thereby to vary the Laws of Nature, 
and make Worlds of ſeveral Sorts in ſeveral Parts of the Uni- 
verſe: At leaſt I ſee nothing of Contradiction in all this. 
If Natural Philoſophy in all its Parts, by purſuing this Me- 
thod, ſhall at length be perfected, the Bounds of moral Phi- 
loſophy will be alſo enlarged. For ſo far as we can know by 
Natural Philoſophy what is the firſt Cauſe, what Power he 
has over us, and what Benefits we receive from him, ſo far our 
Duty towards him, as well as that towards one another, will 
appear to us by the Light of Nature. And no doubt, if the 
Worſhip of falſe Gods had not blinded the Heathens, their 
moral Philoſophy would have gone farther than to the four 
Cardinal Virtues; and inſtead of teaching the Tranſmigration 
of Souls, and to worſhip the Sun and Moon, and dead He- 


8 toes they would have raught us to worſhip Sur truc Author 
and Benefactor, as their Anceſtors did under the Government. 
of 2 8 and his Sons, before they Wer themſel 21 


| Principia third Edition printed 4 D.1726. Pag. y 27. wy 0. 4to. 


The Planets and lat mal indeed perſevere in ae 
Orbs by the Laws of Gravity; but they could by no Means 
obtain the regular Situation of theſe Orbs by choſe Laws at 
n 0 | A 

The Gx-primary Plane are nod Sent FO Sun! in Cir- 
ds contentrical to the Sun, With the ſame Direction of Mo- 


tion, 


tien, in the ſame plain, very nearly. The ten Moons [ot 
ſocondary Planets] are revolved about the Earth, Jupiter and 
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Saturn, in Circles concentrical to them, with the ſame Di- 


rection of Motion, in the Plains of the Orbs of thoſe Pla- 


nets very nearly. And all theſe regular Motions have not 


their Origin from mechanical Cauſes; ſince the Comets are 
freely carried in Orbs very excentrical, and that towards all 
Parts of the Heavens. By which Kind of Motion the Co- 
mets pals very ſwiftly, and very eaſily through the Orbs of 
che Planets; and in their greateſt Diſtances from the Sun, 
where they move more ſlowly and'ſtay longer, they are at a 
- vaſt Diſtance from one another; and ſo their Attraction of 
one another is very inconſiderable. 


This moſt excellently: contrived Syſtem of the Sun, ad 
Planets, and Comets, -could not have its Origin from any 


Thing elſe than from the wiſe Conduct and Dominion of an 
intelligent and powerful Being. And in Caſe the fixed Stars 
be the ee eee Vive they that are formed by 


the like wiſe Conduct, muſt all be ſubject to the Ben 


of One Being; eſpecially while the Light of the fixed Stars is 
of the ſame Nature with the Light of the Sun: And all 
theſe Syſtems do mutually impart their Light to one another. 
And leſt the Syſtems of the fixed Stars ſhould mutually fal! 


upon one another by their Gravity, the ſame Being has oo 
.ced them at an immenſe Diſtance from each other. 


This Being governs all Things, not as a Soul of the 2 


: but as Lord of the Univerſe; and upon Account of his Do- 


minion, he is ſtiled Lord God, ſupreme over all. For the 
Word God is a relative Term, , and has Reference to Servants, 


and 


Sr Iſaac Newton's Philoſophy. oF 

and Deity is the Dominion of God not (ſuch as a Soul has) 
over a Body of his own, which is the Notion of thoſe, wha 
make God the Soul of the World; but ( ſuch as a Governor: 
has) over Servants. The ſome God is an eternal, infi- 
nite, abſolutely perfect Being: But a Being, how perfect ſo- 
ever without Dominion is not Lord God. For we ſay, my + 
God, your God, the God of Iſrael, the God of Gods, Fl Lord * 
of Lords. But we do not ſay, my Eternal, your Eternal, the. - 
Eternal of Iſrael, the Eternal of the Gods: We do not ſay, 
my Infinite, (your Infinite, the. Infinite of Iſrael:) We do not 
lay, my Perfelt, (your Perfect, the PerfefF.of Iſrael:] For theſe 
Terms have no Relation to Servants. The Term God (a) very 
frequently ſignifies Lord; but every Lord is not God. The 
Dominion of a ſpiritual Being conſtitutes him God.. True 
Dominion, true God: Supreme Dominion, -. ſupreme. God: 
Imaginary Dominion, imaginary God, And from his having 


true Dominion it follows, that the true God is living. intelli- 
Kant, and powerful; from his other Perfections it follows that 


he is ſupreme or moſt perfett. He is Eternal and Fate Om- 
nipotent and Omniſcient ; that is, he continues from Eterni- 
ty to Eternity; and is preſent from Infinity to ink ty: He 
governs all Things, and knows all Things, which are done; 
or can be done. known.) He is not Eternity and Infinity, 
hut Eternal and Infinite: He is not Duration and Space, but 
he has Duration of Exiſtence, and is Preſent. He continues 


(a) Our Caution Pocock deduces the Latin Word for God, Deus from the Arabick Word 
Du (and in the oblique Caſe Di) which fignifies Lord. And in this Senfe Princes are called Gods. 


Palm lxx xi, 6. and Jolm x. 45. And Mefes is called the God of bis Brother Aaron, and the God. 


of King ee Ex. iv. 16. and vii. 1. And in the ſime Senſe the Souls of dead Princes were 
called of old Gods by the Geatiles, but falſly, on Account of their Want of Deivinion. 
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aluays, and is ford, every . Ae; always, and 
- every Where, he conſtitutes Duration and Space, (Eternity and 4 
Infinity.) Since every part of Space always is, and every i 1 
diviſible Moment of Duration is every where, certainly the 
Maker and Lord of all Things cannot be faid to be in 16 

1 Every Soul that hatli Perception at diffe- 
nt Pune, * in different C Organs of the Senſes and Moti- 
tis, is the ſame individual Perſon. There are Parts, ſucce > T3 
ſive in Duration, co exiſting in Space; but neither of them 
in the Perſon: fa os: or Fun — le . og og _ ang 
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(a) hib 0 was # the pinion of the 2 Py We in G0 A Natura Dl Lib. 
Edit. Davis Pag. 46. Pythagoras thought God was a Mind extended through univerſel Nature, and | p+ſſing 
through it. Thales, Anaxagoras. lap. Diog. Laert.) Virgil Georg. L. 1. v. 220. God pervades all Parts 
f the Earth, and Sea, and the high Heaven, Eneid 6. v. 721. Ce. In the fr firſt Place a Spirit inmnar 
< dy nouriſhes the H baden, and the Earth, and the liquid Seas, | al the - (bi ing Glebe of the Moon, * 0 

» the Stars of Nin: And as a Mind infuſed univerſally through its "Parts, puts them in Motion, and mite OR, 
 gles it ſelf with that great Body, Philo. Allegor. Lib. 1. not far from the beginning.) Shekel 
World is not worthy to be an Habitation and Reſi dence for God, 8 ce le is bis own Place, ad 1 filled E 
with himſelf, and ſufficient to himſelf; filling and containing other Beings which are poor," and deſert; 4 
 empiy: e is contained of nothing At himſelf, being | "ck Y and 1 a nom. at 3 


enjey the Bl ef Tous: Fur we 7 Fl his of 8 
ſeek the Lord, if haply they wight feel after him, and find him; tho he be not * Jo, every one of us us, 
Fur in him we live, aud move and have our Being. as certain alſo of your own Poets have ſaid ; 3 For we 
are alſo his Off ſpring. Jobn in his Goſpel xiv, 2.) In my Fathers Houſe are many Manſions. Moſes 


Deut. iv. 39.) Behold the Heaven, and the Heaven of Heavens is the Lords thy God; the Zarth 55 


1 9 that therein 1. x. 4. Know therefore this Day, and NE it in thine Heart, that the Lord he is 
God, 


£ 
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and move, but without any mutual affecting of each other. 
For God is not at all affected with the 3 of Bodies, 


neither do. they find any Reſiſtance from the Omnipreſence of 


God. Tis agreed on all Hands that the ſupreme God ne- 
ceſſarily exiſts ; and by the ſame Neceſſity he exiſts akways and 
every where. Whence alſo it follows, that he is all Similar, 


2 Eye, all Ear; all Brain, all Arm, all Senſation, all Un- 
TO derſtanding, all active Power: But thi not after a human 


Manner, not after a corporeal Manner, but after a Manner 
.wholly unknown to us. As a blind Man has no Idea of 
Colours, ſo have we no Notion of the Ways by which the 
moſt wiſe God perceives and underſtands all Things. He is 


. intirely without all Body or Bodily Figure; and therefore can 


neither be ſeen, nor heard, nor touched; neither ought he 
to be worſhipped under the Repreſentation of any corporeal 
Thing. We have Ideas of his Attributes; but we do not at 


all know what the Suh ſlance of any Thing is. All chat we 


ſee of Bodies is their Figures and Colours: We hear only 
their Sounds, we touch only their outward Surfaces, we 
ſmell only their Scents, and taſte [only] their Savors. We 
know not their inward Subſtances by any Senſe or any re- 


flex Act; and much leſs have we any Idea of the Subſtance 


ed F ele. David Pla. cxxxix. 7, 8.) Whither 


Hall I go from thy Spirit, or whither ſhall I flee from thy Preſence? If I aſcend up into Heaven thou art 
. there. If I make my Bed in Hell. behold thou art there. Solomon 1 Kings viii. 27.) Will God deed 
| dwell onthe Earth? Behold the Heaven, and Heaven of Heavens cannot contain thee; how much leſs 


- this Honſe which I have builded ? Job xxij, 12.) Is not God in the Height of Heaven ? Jeremiah the 


Prophet xxiii. 23, 24.) Am I a God at Hand, faith the Lord, and not a God afar off ? Can any hide 
himſelf in ſecret Places, that I ſhall not ſee him ſaith the Lord? Do not I fill Heaven and Earth ſaith 
the Lord? Now the Idolaters pretended, that the Sun, the Moon, and the Stars, the Souls of Men, and 
other Parts of the World were Parts of the ſupreme God; and were therefare to be worſhipped; 


but falſely. 5 | | 
5 1 „ ol 
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of God. We know him only by his Properties and Anti- - 
butes, and by his moſt wiſe and exquiſite Structures of Things, 
and by final Cauſes, and we admire him for his PerfeQions : 
But we reverence and worſhip him upon Account of his Do- 
minion, for we worſhip him as his Servants : For God with- 
_ but Dominion, Providence, and final Cauſes, is nothing elſe 
but Fate and Nature. No Variation of Things atiſes from à 
blind metaphyſical Neceſſity, which certainly is the ſame al- 
ways and every where. The intire Difference of created Be- 
ings in different Times and Places could only ariſe from the 
Ideas and Will of a Being that exiſts neceſſarily. God is in- 
deed faid to ſee, and hear, and ſpeak, and laugh, and love, 
and hate, and deſire, and give, and take, and rejoice, and 
be angry, and fight, and build, and rear, and frame: But 
ſtill by Way of Allegory : For all Diſcourſe of God is taken 
from * we ſee in human Affairs by a kind of Reſemblance, 


which is in ſome Meaſure real, but certainly imperfett. And 
chus much concerning God, to Diſcourſe of whom from the 


Appearances of Nabe doch certainty belong * to Natural 
Philoſo phy. 

I have Hideo hind? the Phænomeha of the Hates, 
and of our Sea by the Power of Gravity : But I have not 
yet aſſigned the Cauſe of Gravity. Certainly this Power ariſes 
from ſome Cauſe which penetrates to the Centers of the Sun 
and Planets, without the Diminution of its Virtue: And 
which acts not according to the Quantity of the Surfaces of 
the particles upon which it acts (as mechanical Caufes uſe to 
do) but according to the Quantity of the ſolid Matter: And 


; vhoſe Action is extended N Way to immenſe Diſtances, 
| © 


Sir Iſaac Newton's Phuloſophy. 11 
ſo as ever to decreaſe in the duplicate Proportion of thoſe 
Diſtances. Gravity towards the Sun is compounded of tlie 
Gravities towards every ſingle Particle in the Sun, and as it 
recedes from the Sun decreaſes accurately in chat duplicate 
Proportion of the Diſtances, as far as the Orb of Saturn, as 
is manifeſt from the reſting of the Aphelia of the Planers ; "0 
and as far as the utmoſt Aphelia of the Comets, in Caſe 
thoſe Aphelia reſt. But the Cauſe of theſe Properties of Gra- 
vity I have not been able to draw from the Phznomena : 
And I dc not make Hypotheſes, For whatſoever is not 
drawn from the Phznomena is to be called an Hypotheſes. 
And Hypotheſes, whether they be Metaphyſical, or Phyſical, 


or of Occult Qualities, or Mechanical, have no Place in 
Experimental Philoſophy. 


Parallel Clauſes out of Mr. Ae 8 1 to the LL 


Edition of Sir IS AAC NEwToON's Principia, printed 
A. D. 1 72 3: 470. a little before che End. 


Sold will ay, Thar the Conſtitution of ifs World i is not 
derived from the Will of God, but from a certain Neceſſity 
of Nature. So then we mult at laſt fall among the ſordid 
Dregs of the moſt impure Part of Mankind. Theſe are they 
Who dream chat all Things are governed by Fate, not by Pro- 
 vidence ; and that Matter by Neceſſity of Nawse has exiſted 
| always . every where, and is infinite and eternal. 

Por certain this World, which is diverſified by a moſt beau- 
tiful Variety of its Figures and Motions, could not at all be 
derived from my other Origin than from the free Will of 


B 2 F God, 
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God, who exerciſes a providential' and governing Power over 
all Things. From this Fountain therefore do flow all thoſe 
Which we call Laws of Nature. In which for certain there 
appear many Footſteps of the moſt conſummate Wiſdom; 
but none of Neceſſity. Theſe Laws therefore are to be drawn 
not from uncertain Conjectures, but from Obſervation and 
Experience. He who is confident that he can diſcover the 
Principles of Natural Philoſophy, and the Laws of the World 
by the Force of his own Mind, and the internal Light of his 
Reaſon alone, muſt either determine the World to have ex- 
iſted of Neceſſity, and that the Laws he propoſes follow from 
the ſame Neceſſity; or if the Order of Nature be ordained 
by the Will of God, that he, poor Wretch as he is, can 
throughly tell which is the bef? Conſtiniidlie, All ſound and 
true Philoſophy is. founded in the Phænomena of the World; 
Which if they by Force lead us, whether we will or no, to 


thoſe Tapia herein the moſt excellent Contrivance and 
ſupreme D Dominion of a moſt wiſe aud moſt * powerful Be- 


ing are viſible, thoſe Principles will not therefore deſerve to 
be rejected, becauſe they are not likely perhaps to be agree 

able to ſome Men. Let theſe Men call what diſpleaſes them 
either Miraeles, or Occult Qualities. However, Names mall- 
ciouſly given are not to be imputed as a Fault to the Syſtem it 
ſelf. Unleſs they will after all confeſs, that truly Philoſophy 
ought to be founded in Atheiſm. But Philoſophy is not to be 
confounded on Account of theſe M en, ſince 


bel Philoſophy therefore, 1 is founded upon enn 


and Obſervations will obtain with equal and impartial Judges. 
20 | 2 "+ W e 
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is Glo, and Seen her in a moſt entertaining Man- 
ner: And withal more zealouſly than ever pay our Worſhip | 


and Veneration to the Creator and Lord of the Univerſe; 


which is the principal Advantage of Philoſophy. He muſt be 


blind who, from the moſt excellent and moſt wiſe Structure 
of the Creatures, does not preſently ſee the infinite Wiſdom 


and Goodneſs of their Creator : And he muſt be mad who 
will not own thoſe Attributes. Sir IsAac NEWTON'S ex- 
cellent Principles will remain a moſt certain Defence againſt 


the Inſults of Atheiſts. Nor indeed can we take more ſuc- 


ceſsful Weapons from any other Quiver than from it. 

N. B. Since Mr., Cotes here calls the Deniers of the Ex- 
iſtence and Providence of God, the ſordid Dregs of the moſt 
impure Part of Mankind, and juſtly cites Dr. Bentley's Boyles 
Lectures as intirely confirming his Sentiments of the Con- 
ſequences of Sir Is AAC NEW TO x's Philoſophy againſt 
them; it may not be amiſs to conclude with that famous 
Saying of Hierocles, which the ſame Dr. Bentley has amended 


and reſtored to its original Purity, "Hoo Teacee Tome Adyua. 


Ori £51 Loyola Ove Tloprrs Avypua. Happineſs confi ifts in Plea- 
ſure : That is the Notion of a Strumpet. There is no Provi- 
_— : The wery $ rrumpets do not ſay ſo. | 


— 


Sir IS AA Nawron' s Corollaries from his Chronology ; 
Pag. 186. — 190. in his own WoRDs. 


LL Mankind lived together in Chaldea under 1 Govern- 
ment of Noah and bis Sons, until the Days of Peleg : 
So long they were of one Language, one Socicty, and one Re- 


ligion : : 
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gion: And then they divided the Earth, being perhaps diſtur- 
-bed by the Rebellion of Nimrod, and forced to leave off build- 
ing the Tower of Babel: And from thence they ſpread them- 
ſel ves into the ſeveral Countries which fell to their Shares, car- 
rying along with them the Laws, Cuſtoms and Religion, un- 
der which they had till thoſe Days been educated and govern- 
ed, by Noah, and his Sons and Grandſons: And theſe Laws 
were handed down to Abraham, Melchizedek, and Fob, and 
their Contemporaries, and for ſome Time were obſerved by 
the Judges of the Eaſtern Countries: So Fob (a) tells us, is 
Adultery was an heinous Crime, yea an Iniquity to be puniſhed 
"by the Judges: And of Idolatry he (b) faith, If I beheld the 
Sum when it ſhined, or the Moon walking in Brightneſs, and my 
Heart hath been ſecretly inticed, or my Mouth hath kiſſed my 
Hand, this alſo were an Iniquity to be puniſted by the Judge: 
or I ould have denied the God that is above: And there be- 


ing no Diſpute between Job and his Friends about theſe Mat- 
ters, it may be preſumed that they alſo with rheir Country- 


men were of the ſame Religion. Melchizedek was a Prieſt 
of the moſt high God, and Abraham voluntarily paid Tythes 
to him; which he would ſcarce have done had they not bois 
of one nd the ſame Religion. The firſt Inhabitants of the 
Land of Canaan ſeem alſo to'kave been originally of the ſame 
Religion, and to have continued in it till the Death of Noah, 
and the Days of Abraham; for Jeruſalem was antiently (c) 
called Febus, and its People Jebuſites, and Melchizedek was 
their Prieſt and King: Theſe Nations revolted therefore after 


Aa) Job xxxi. 11. (6) Job xxx1. 26. (e) 1 Chron. xi. 4,5, Judg. i. 21. 2 Sam. v. 6. 


5 


. . OLE — GLA: 
py 47 — N. # by Wt 1 ay 3 Va 0 2 
* w_— WS IS . „ „ — 5 DDr W e 43, * a __ 2 — — 
7 9 9 1 > 4 A ” v 1 * _ * A - 9 — IY — . » * e ge * I — 3 — — — — 
12 a . — K By * . — — = — — WL rn — — ——_ . 
— 5 . 5 nv _ be : — — — * nat < 04" "20a ha Prey 8 * " +4 pars” — 0s bs gh es. > OE EI RIES —— —— 4 
- — : D A Shak edits /> p 4 : N - 4 * = N 
3 12 4 a —_— * Pak 1 * — — — 2 4 > e I N : _— 
— * . ** "Os a boy 2 2 9 — oy 
. a a a 3 * n oy 3 0 * „＋ , l * 8 — fits = y n r en 5 
: I 4 " 4 N : a ny way N — 1 * Ca += . 5 * 4 wary — — W 3 ol Pc hh d wo — — r 8 4 
1 5 5 - 7 8 8 _ — — — 0 W 3 = « * 9 5 p —— — K 
* 7 * 9 WY a y * " , 8 PR 5 - g „. * ge. \ by 2. - "OI 
; 5 7 I ET hs — —— — « 
p * — N 
y = 
a > 2 
- a * 
. ; L $ 


* nf Fog 
222 6s 0 


8 n Wer ne ot Cem . — _ 
9 HED — r rc . r 
— 40 fits 4 wwe iy 6 1 eee > a - ere 2 7 
— 1 nn e n en” Rare ee — . ern 2 
T K 2 


Sir Iſaac Newton's Chronology. 16 


the Days of Melchizedek to the Worſhip of falſe Gods; as did 
alſo the Poſterity of Iſinael, Eſau, Moab, Ammon, and that 
of Abraham by Keturah : And the Iſraelites themſelves were 
very apt to revolt: And one Reaſon why Terah went from 
Ur of the Chaldees, to Haran in his Way to the Land of Ca- 
naan; and why Abraham afterward left Haran, and went into 
the Land of Canaan, might be to avoid the Worſhip of falſe - 
Gods, which in their Days began in Chaldea, and ſpread eve- 
ry Way from thence; but did not yet reach into the Land off 
Canaan. Several of che Laws and Precepts in which this primi- 
tive Religion conſiſted are mentioned in the Book of Job, 
Chap. i. ver. 5. and Chap. xxxi. viz. not to blaſpheme God, 
vor to worſhip the Sun or Moon, nor to kill, nor fleal, nor to 
commit Adultery, nor truſt in Riches, nor oppreſe the poor or 
fatherleſs, nor curſe your Enemies, nor rejoice at their Misfor- 
tunes: But to be friendly, and hoſpitable and merciful, and to 


relieve the poor and needy, and to ſet up Judges. This was 
the Morality and Religion of the firſt Ages, {till called by 


the Fews, the Precepts of the Sons of Noah: This was 2 
| Religion of Moſes and the Prophets, com prehended in the 
two great Commandments, of loving the Lord our God with 
| all our Heart and Soul and Mind, and our Neighbour as our 

ſelves : This was the Religion enjoined by Moſes to the un- 
circumciſed Stranger within the Gates of Iſrael, as well as to 
the Iſraelites: And this is the primitive Religion of borh Fes 
and Chriſtians, and ought to be the ſtanding Religion of all 
Nations, it being for the Honour of God m4 Good of 
Mankind: And Moſes adds the Precept of being merciful even 
to brute Beaſts, ſo as not to ſuck out their Blood, nor to cut 
. off their Fleſh alive "jj the Blood m it, nor to kill them for 


tbe 
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N le of their Blood, nor 70  frangle them; but i in ; killing them 
* for Bod, to "let out their Blood and Spill it upon the Ground, 
Gen. ix. 4, and Levit. xvii. 12, 13. This Law was anciens. 
ter chan the Days of Moſes, being given to Noah and his 
Sons long before the Days of Abraham : And therefore when 
the Apoſtles and Elders in the Council at Jeruſalem declared 
that the Gentiles were not obliged to be circhtnciſed and keep | 
. the Law of Moſes, they excepted this Law of abſtaining from 
Blood, and Things ſtrangled, as being an earlier Law of God, 
impoſed not on the Sons of Abraham only, but on all Na- 
tions, while they lived together in Shinar under the Domi- 
nion of Noah: And of the fame kind is the Law of abſtaining 
From Meats offered to Idols or falſe Gods, and from Fornication. 
So then, the believing that the World was framed by one ſupreme 
God, and is governed by him; and the loving and wor ſhipping 
fam, and honouring our Parents, and loving our N eg hour a: as 
our ſelves, and being merciful” even 4 brace: DEA . „% 18 ASE * 
"Up or all Religions. ä . OBS, 


N B Tho Sir Isaac „ adds, ce That - , 
Original of Letters, Agriculture, Navigation, Muſick, 
Arts and Sciences, Metals, Smiths and Carpenters, Towns 

re and Houſes, was not older in Europe than the Days of. Eh, 

e Samuel and David; and before thoſe Days the Earth was 

.« thinly peopled and overgrown with Woods;“ which very 
late Chronology I no Way agree to: Yet do I fully agree, 
that this was the State of Things but fo few Centuries ear- 
Jer, that we may juſtly conclude With him, „ Mankind. could 


e not be much older than is repreſented in Scripture,” 
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